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INFORMATION 
FOR 



MCI STUDENTS 

Welcome to the Marine Corps Institute training program. Your interest in 
self-improvement and increased professional competence is commendable. 

Information is provided below to assist you in completing the course. 
Please read this guidance before proceeding with your studies. 

1. MATERIALS 

Check your course materials. You should have all th j materials listed in 
the "Course Introduction." In addition you should have an envelope to mail 
your review lesson back to MCI for grading unless your review lesson answer 
sheet is of the self-mailing type. If your answer sheet is the pre-printed 
type, check to see that your name, rank, and social security number are 
correct. Check closely, your MCI records are kept on a computer and any 
discrepancy in the above information may cause your subsequent activity to go 
unrecorded. You may correct the information directly on the answer sheet. If 
you did not receive all your materials, notify your training NCO. If you are 
not attached to a Marine Corps unit, request them through the Hotline (autovon 
288-4175 or commercial 202-433-4175). 

2. LESSON SUBMISSION 

The self-graded exercises contained in your course are not to be returned 
to MCI. Only the completed review lesson answer sheet should be mailed to 
MCI. The answer sheet is to be completed and mailed only after you have 
finished all of the study units in the course booklet. The review lesson has 
been designed to prepare you for the final examination. 

It is important that you provide the required information at the bottom of 
your review lesson answer sheet if it does not have your name and address 
printed on it. In courses in which the work is submitted on blank paper or 
printed forms, identify each sheet in the following manner: 

DOE, John J. Sgt 332-11-9999 
08. 4g, Forward Observation 
Review Lesson 

Military or office address 
(RUC number, if available) 

Submit your review lesson on the answer sheet and/or forms provided. 
Complete all blocks and follow the directions on the answer sheet for 
mailing. Otherwise, your answer sheet may be delayed or lost. If you have to 
interrupt your studies for any reason and find that you cannot complete your 
course in one year, you may request .a single six month extension by contacting 
your training NCO, at least one month prior to your course completion deadline 
date. If you are not attached to a Marine Corps unit you may make this 
request by letter. Your commanding officer is notified monthly of your status 
through the monthly Unit Activity Report. In the event of difficulty, contact 
your training NCO or MCI immediately. 



1 



MAIL-TIME DELAY 



Presented below are the mail -time delays that you may experience between 
the mailing of your review lesson and its return to you. 



EAST COAST 
WEST COAST 
FPO NEW YORK 
FRO SAN FRANCISCO 



TURNAROUND 
MAIL TIME 

— IS — 

16 
18 
22 



MCI PROCESSING 

TIME 
5 

5 

5 

S 



TOTAL NUMBER 
DAYS 
21 
21 
23 
27 



You may also experience a short delay in receiving your final examination 
due to administrative screening required at MCI. 

4. GRADING SYSTEM 



LESSONS 



EXAMS 



GRADE 


PERCENT 


MEANING 


GRADE 


PERCENT 


A 


94-100 


EXCELLENT 


A 


94-109 


B 


86-93 


ABOVE AVERAGE 


B 


86-93 


C 


78-85 


AVERAGE 


C 


78-85 


D 


70-77 


BELOW AVERAGE 


D 


65-77 


NL 


BELOW 70 


FAILING 


F 


BELOW 65 



You will receive a percentage grade for your review lesson and for the 
final examination. A review lesson which receives a score below 70 is given a 
grade of NL (no lesson). It must be resubmitted and PASSED before you will 
receive an examination. The grade attained on the final exam is your course 
grade, unless you fail your first exam. Those who fail their first exam will 
be sent an alten ite exam in which the highest grade possible is 65%. Failure 
of the alternate will result in failure of the course. 

5. FINAL EXAMINATION 

ACTIVE DUTY PERSONNEL: When you pass your REVIEW LESSON, your examination 
will be mailed automatically to your commanding officer. The administration 
of MCI final examinations must be supervised by a commissioned or warrant 
officer or a staff NCO. 



OTHER PERSONNEL: Your examination may be administered and supervised by 
your supervisor. 

6. COMPLETION CERTIFICATE 

The completion certificate will be mailed to your commanding officer ^nd 
your official records will be updated automatically. For non Marines, your 
completion certificate is mailed to your supervisor. 
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7. RESERVE RETIREMENT CREDITS 



Reserve retirement credits are awarded to inactive duty personnel only. 
Credits awarded for each course are listed in the "Course Introduction." 
Credits are only awarded upon successful completion of the course. Reserve 
retirement credits are not awarded for MCI study performed during drill 
periods if credits are also awarded for drill attendance. 

8. DISENR3LLMENT 



Only your commanding officer can request your disenrol Iment from an MCI 
course. However, an automatic disenrollment occurs if the course is not 
completed (including the final exam) by the time you reach the CCD (course 
completion deadline) or the ACCD (adjusted course completion deadline) date. 
This action will adversely affect the unit's completion rate. 

9. ASSISTANCE 



Consult your training NCO if you have questions concerning course 
content. Should he/she be unable to assist you, MCI is ready to help you 
whenever you need it. Please use the Student Course Content Assistance 
f!^"!uL!!2r."'.^^^'':^^ attached to the end of your course booklet or call one of 
the AUTOVON telephone numbers listed below for the appropriate course writer 
section. 

PERSONNEL/ADMINISTRATION 288-3259 
COMMUNICATIONS/ELECTRONICS/AVIATION 

NBC/ INTELLIGENCE 288-3604 

INFANTRY 288-3611 

ENGINEER/MOTOR TRANSPORT 288-2275 

SUPPLY/FOOD SERVICES/FISCAL 288-2285 

TANKS/ART I LLERY/ INFANTRY WEAPONS REPAIR 

LOG I ST I C S/EMBARKAT ION/MA INTENANCE MANAGEMENT/ 

ASSAULT AMPHIBIAN VEHICLES 288-2290 

For admini itrative problems use the UAR or call the MCI HOTLINE: 288-4175. 
For commercial phone lines, use area code 202 and prefix 433 instead of 

288. 



FUNDAMENTALS OF REFRIGERATION 
Course Introduction 

REFRIGERATION SERVICING Is designed to familiarize the student with services required 
to be perfomed on refrigeration equlpaent. 

ADMINISTRATIVE INFORMATION 
ORDER OF STUDIES 

Study Unit Study 

Nunfcer Hours Subject Matter 

] I Installation and Preventive Maintenance 

Z 3 Trouble-shooting 

* 5 Servicing Refrigeration Systems 

* f Repairing Major Components 
2 REVIEW LESSON 

2 FINAL EXAMINATION 

IS 



RESERVE RETIREMENT 
CREDITS: 

EXAMINATION: 



MATERIALS: 

RETURN OF MATERIALS: 



Supervised final examination without text or notes with a time 
limit of 2 hours. 

MCI n.62, Refrigeration Servicing, review lesson and answer sheet. 

Students who successfully complete this course are permitted to 
keep the course materials. 

Students disenrolled for Inactivity or at the request of their 
commanding officer will return all course materials. 



TM 5-745 

NAVEDTRA 10660 

NAVEDTRA 10661 

NAVEDTRA 13004 



SOURCE MATERIALS 

Heating. Ve ntilating Air-conditioning and Sheet Metal Works . Oct 

1968 

Utilltlesman 3 & 2. Vol 1, T983 
Ut^Htiesman rTT. Vol 2, 1983 
KerrTgeration ana Air-Conditioning. 1980 



HOW TO TAKE THIS COURSE 

This course contains 4 study units. Each study unit begins with a general objective 
that is a statement of what you should learn from the study unit. The study units are divided 
into numbered work units, each presenting one or more specific objectives. Read the 
objectlve(s) and then the work unit text. At the end of the work unit are study questions 
that you should be able to answer without referring to the text of the work unit. After 
answering the questions, check your answers against the correct ones listed ut the end of the 
study unit. If you miss any of the questions, you should restudy the text of the work unit 
until you understand the correct responses. When you have mastered one study unit, move on to 
the next. After you have completed all study units, complete the review lesson and take It to 

^2II^-J!!!l^!l«f "^^^"[.2'' ^""^ *o "CI. MCI will mail the final examination to your 

training officer or NCO when you pass the review lesson. 
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MARINE CORPS INSTITUTE STUDY 
GUIDE 



Congratulations for enrolling in ihe 
Marine Corps Institute's correspondence 
training program! By enrolling in this 
program, you have shown a desire to 
improve the skills you need to enhance your 
on-the-job performance. 



Since 1920, MCI has been helping tens 
of thousands of hard-charging young 
Marines, like yourself, achieve educational 
goals by teaching necessary new skills or 
reinforcing existing skills. MCI will do every 
thing possible to help you reach your 
individual goals, whatever they may be. 



Before you begin your course of 
instruction, you may be asking yourself, 
*'How much will I benefit from a 
correspondence training program?'' The 
answer to this depends upon you, ''YOUR 
PROFESSIONAL TRAITS" (what you bring 
to the learning situation). 



Because you have enrolled in an MCI 
course, your professional traits are evident 
and we know that: 



YOU ARE PROPERL Y MOTIVATED. 

You made a positive decision to get training 
on your own. Self-motivation is perhaps the 
most important force in learning-or 
achieving — anything. Wanting to learn 
something badly enough so that you will do 
what's necessary to learn— r/Z/lF IS 
MOTIVATION, 

YOU SEEK TO IMPROVE 
YOURSELF. You enrolled to learn new skills 
and develop special abilities. 

YOU HAVE THE INITIATIVE TO 
ACT. By acting on your own, you have shown 
that you are a self-starter, willing to reach out 
for opportunities. 

YOU ACCEPT CHALLENGES. You 

have self-confidence and believe in your 
ability to gain training in your areas of 
interest. 



YOU ARE ABLE TO SET 
PRACTICAL GOALS. You are willing to 
commit time, effort, and resources toward 
accomplishing what you set out to do • • 
professional traits will help you • 
suCi^ess in you MCI program. 

To begin your course of study: 

* Look at the course iniroduciion page. 
Read the COURSE INTRODUCTION 

to get the "nitty gritty" of what the course is 
about. Then read the MATERIALS section 
near the bottom of the page to find out which 
text(s) and study aids you should have 
received with the course. If any of the listed 
materials are missinp, see Information for 
MCI Smdems io find out how lo obtain them. 
If you have everything that is listed, you are 
ready to begin your MCI course. 

* Read through the TABLE OF 
CONTENTS of your text(s). Note the 
various subjects covered in the course and 
the order in which they are taught. Leaf 
through the text(s) and look ai the 
illustrations. Read a few work unit exercise 
questions to get an idea of the types of 
questions that are asked. If MCI provides 
other study aids, such as a slide rule or a 
plotting board, familiarize yourself with 
them. Now, you are ready to begin work on 
your MCJ course. 

* Turn to the first page of study unit 1. 
On this page you will find the study unit goal. 
This is a statement of what you should be 
able to do when you complete the final exam. 
Each study unit is divided into work units. 
Each work unit contains one terminal 
learning objective and several enabling 
objectives. The terminal learning objective is 
what you sl.^uld be able to accomplish when 
you complete the work unit exercises. The 
enabling objectives are the steps you need to 
learn to help you accomplish the terminal 
learning objective. Read each objective for 
the work unit and then read the work unit 
text carefully. Make notes on the ideas you 
feel are important. 

* Without referring to the text, answer 
the questions in each exercise. 

* Check your answers against the 
correct ones listed at the end of the study 
unit. 
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* If you miss any of the questions, 
resludy the work unit until you understand 
the correct response. 

* Go on to the next work unit, repeating 
the above steps, until you have completed all 
the work units in the study unit. 

* Follow the same procedure for each 
study unit of the course. If you have 
problems with the text or work unit 
questions that you cannot solve on your own, 
ask your training NCO for the name of 
someone who can help you. If they cannot 
aia you, request assistance from MCI on the 
Stude I Course Content Assistance Request 
incluoed with this course, or refer to your 
INFORMATION FOR MCI STUDENTS 
(MCI-R24i.NRL) for the telephone number 
of the appropriate Course Developing 
Division at MCI. 

* When you have finished all the study 
units, complete the course review lesson. Try 
to answer each question without the aid of 
reference materials. However, if you do not 
know an ansv/er, look it up. When you have 
finished the review lesson, take it to your 
training officer or NCO for mailing to MCI. 
MCI will grade it and send you a feedback 
sheet (MCI-R69) with your final 
examination listing course references for any 
questions that you missed on the review 
lesson. 



"RECON" Reviews: 

To prepare for your final examination 
you mus! review what you learned in the 
course. Therefore, why not make reviewing 
as interesting as possible. The following 
suggestions will make reviewing not only 
interesting but also a challenge. 

1. Challenge yourself. Reconstruct the 
learning event in your mind. Try to recall and 
recapture an entire learning sequence, 
without notes or other references. Can you 
do it? You just have to "look back" to see if 
youVe left anything out, and thatmW be an 
interesting read-through (review) for you. 

Undoubtedly, you'll find that you 
were not able to recall everything. But with a 
little effort you^ll be able to recall a great deal 
of the information. 



Also, knowing that you are going to 
conduct a *'reconstruct-review'' will change 
the way you approach your learning session. 
You will try to learn so that you will be able 
to "reconstruct the event." 

2. Use unused minutes. While wailing at 
sick bay, riding in a truck or bus, living 
through field duly, or just wailing to 
muster— use these minutes to review. Read 
your notes or a portion of a study unit, 
recalculate problems, do self-checks a second 
time; you can do many of ihese things during 
"unused" minutes. Just thinking about a 
sequence of instruction will refresh your 
memory to help "secure" your learning. 

3. Apply what you've learned. Always, it is 
best to do the thing you've learned. Even if 
you cannot immediately put the lesson to 
work, sometimes you can "simulate" the 
learning situation. For example, make up 
and solve your own proolems. Make up 
problems that lake you through most of the 
elements of a study unit. 

4. Use the "shakedown cruise" technique. 
Ask a fellow Marine to lend a hand and have 
him ask you questions about the course. 
Give him a particular study unit and let him 
fire away. It can be interesting and 
challenging. 

The point is, reviews are necessary for 
good learning, but they don't have to be" long 
and tedious. Several short reviews can be 
very beneficial. 

Semper Fi 
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STUDY UNIT 1 
INSTALLATION AND PREVENTIVE MAINTENANCE 

SIHSLH"^! OBJECTIVE: WITHOUT THE AID OF REFkiRENCES, YOU MILL IDENTIFY THE 
XIS^ "IFIS^^ ™ P'^*^'*'-^ INSTALL REFRIGERATION AND AIR-COND TIONIHG 
EQUIPMENT. ALSO, YOU WILL IDENTIFY THE NECESSARY PROCEDURES OF PREVENTIVE 
MAINTENANCE TO INSURE PROPER OPERATION OF THE EQUIPMENT. PREVENTIVE 

Work Unit 1-1. INSTALLATION 

CONDITIONINGiyptof?"'"^^" ''""'^ " ™^ INSTALLATION OF REFRIGERATION AND AIR 
JISc'offiSK^^^^^ ^"'''^''""^ °' REFRIGERATION AND 

Proper Installation Is very Important to the operation of any Item of refrigeration 
^5 ♦hlT.S^H''''*''''"''"? egufl««nt whether they be domestic or tactical. This Includes leveling 
^rJS!n^"^'4 h f°''''f\!'''^*'"'" power and good ventilation , plus, when necessSry. golST^ 
arainage. The majority of equipment Is carefully crated and shipped with full written 
instructions on how to ship, uncrate, and Install the unit. written 

*«.h„^«"!f*'®" """S a mechanical system, always insure that you consult the appropriate 

technical manua for the Instructions pertinent to the Individual Item of equipment. However, 
generally speaking there are things that you must do to most units. '«i"'P'^"*- "owever, 

• 'leveling - When a unit Is Installed It should be level so that the doors will open 
and close and the panels on the tactical unit fit properly. Units that are eaulDDed with icT 
trays must be leveT so that water does not spill ff«om the trays. equipped with Ice 

units reJulrwS dr!ln1g"S?' ""^ '''''''' ""''"'''''^ other 

.n....-^ !i.Jl!^!'i''S°L^"PP^^b" «I«<=t'"'wl supply (outlet) for the unit must provide the 
correct electrical voltage. Be sure to read the electrical rating on the unit and manual- 
check these against the electrical supply at the outlet. The morS SSdern !! ts Sy^SS ^K)re 
current than the older, simpler units. ' 

All three (3) phase units should be checked for proper rotation, if not rotatinn 

It Is best to have a separate circuit from the fuse or circuit breaker box to the 
unit. Electrical leads and Installation should be performed by a qualified electrician. 

If, in the event that one (electrician) Is not available, the voltage at the unit 
supply can be qu te easily checked with a voltmeter. The circuit capacity (wire size, etc ) 
IS checked as follows: If at the Instant of starting, the voltage artheuilt Supp"*d?Ss 
more than 10 volts, this should Indicate that the wiring In the circuit Is not heavy enouoh to 

IS a sure sign of a poor electrical supply. 

e..„„iu JIl® technician should alvfays check to see that there Is proper grounding In the outlet 
supply box which supplies currentto any refrigerating mechanism. 

„* ^.^Sntllatlon - Since the majority of units used by the Marine Corps are air-cooled, 
proper venti atlon is very important. Therefore, It Is advisable to locate the unit where It 
will not be in direct sunlight, nor should It be near an oven, heat radiator, or warm alf 
register. The location should be large enough to provide enough air to cool the SIdelsUr. 

Once the unit has been uncrated and set In the desired location, you should check the 
SSSr"Hr!J»2"K.??TC*2: or damaged fins, and check the allgmwnt of the co5p?MSor 

motor drive belts. If the unit Is not hermetic (having an airtight seal). If It Is hermetic 

t^filit «h"!5;!"^'/?'' 'P'"=''"9- Check all connections to make sure they* 

are tight and do not leak. Check all soldered and sweated Joints to make sure they are not 
cracked and do not show any signs of leaking. If you mu^t charge the systS with refMgSant 
or lubr cant, make sure you are using the correct refrigerant or lubrlcint (consult the 
appropriate technical manual . Make sure that all electrical connect ons( fuse boxeS. initial 
«rn^lM«'°":i'"^S"'* connections for timers and electrical controls, and effial iMds afe 
flnl ll^A 7h2®elf!I**!*'^"i;®- Check blowers and fans, making sure that the fan blades are not 
SlJntI 2f l!rS^i'.!!nlrJh!:' ""^ g"ed. If a unit Is air-cooled, make sure that ihSfJ Is 
plenty of airspace around the condensing unit for proper ventilation. These are just a few of 
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t. lutt t»ir MMM iMUlUtiM iMfi rt^lfttf for ttt rtfrigtratlon and •»r- 

MMlllMlllf HHlpMlt. 



•. 
I. 

c. 
i. 



Mwl MH l-t. mmHTIVI miRTtlMCt 

utr rM TYm or Mmxrm mufroiMCt smvicis poronco iy the »mm on 

milPUTIOi MO All-CMITIONIM CQUIMtNT. 

im rog caiMM criticm. imkctim mirts or iicniioaiATiON and air-conditioning 

SffiwSSS'*'* ^ l*^*"^!"^ ^> K PtRFORNEO ON RCACH-IN AND UAUC-IN 
MCIR tHVCaiOR AND NAIRTDIANCC TO IC PtRFORMID ON ICE-IMKIN6 MCHINES. 

^ fTTTTI fliriP** «ftricw • TMm sm^icm litctiid* b«t art not tiaiud to tht 
* iMw Mrum tN« MU It proporty intuttM. tiArlcotod. Md in good optrot1n« 

* iMpKt m urttM't tMlnfl to MtMt tMt tMrt art no dUcMnoctod tubts. 

* mm Mruin ott votm art in tM corrtct oporatlng posltlM. 

• CMek tko Mntrot Mx and otMr wiring to bo cortain tliat att parts art dry, 

•It CMM CU Mi art tifit. oM an «ntroU aro In good condltlM. 

* OMCk pOMf Mppty for corroct typo and wff iclMt vottagt. 

, * CMck co^aii ur alMt glMt for adoqMU oil and liquid sight glass for 
Mfttwo (tf OM Mit It OMippai vfth ont). 

»riM OMfttiM SonrlMt • TkoM sonrlcos inctodo but aro not tlaltod to ttio 

TOINMlOft 

* CMck faago and tMporatoro roadlngs to Mko coruin that Mit is oporatlng 



• CMck 11mm tl#t gtau for adOM^to rtfrigarant In tbo systM. 

* Cbock tko tfeonrnttt cot-ln and cut-out toaporatoro against tho taaporaturo in 
OM Mit OM Mkc MTttta tM MtlfM taforatMO It boing MintelnM. 
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* Listtn for unusual nolsts. If troubit Is 1nd1c«ttd» dtttnsint tht caust and 
corr€€t tht problM. 

* Bt altrt for smokt or odors Indlcatlvt of ovtrhtattd compontnts or shorttd 

wiring. 

* Insurt that nothing Is plactd In tht cooltr to prtvtnt frtt circulation of air. 

* Insptct tht tvaporator for frost. If tht accumulation Is ovtr 1/4 1nch» rtstt 
tht t1«tr for a shorttr eye It. 

Afttr Qptratlon Strvlcts - Thtst Includt but art not limited to tht following: 

* Nakt ctrtain that tht starttr switch Is In tht "OFF* position. 

* Ulpt tht unit down with a damp cloth. 

* Insptct tht Instrumtnts anr controls to stt that thty art stcurtly mounttd, 
proptrly connKttd and undamagtd. 

* Insptct tht fans to stt that thty art corrtctly allgntd and stcurt on tht 
shaft. 

* Chtck tht allgnmtnt and ttnslon of all tht btlts. 

* Chtck tht tightntss of tht scrtws and bolts. 

Qu ^rttrly Strvlcts - Strvlcts that art rtqulrtd will bt found In tht approprlatt 
ttchnlcal manual for tht particular Ittm of tqulpmtnt. Strvlcts art normally ptrformtd at 
3*month Intervals or 250 hours of tqulpmtnt optrat1on» whichtvtr comts first. Tht hours of 
opiratlon will bt dictattd by tht approprlatt manual. 

As was prtvlously stattd, prtvtntlvt malnttnanct rtqulrtd on most tqulpmtnt Is 
llmlttd. Howtvtr> making ptrlodic Insptctlon of critical points will Insure a. longer 
malnttnanct-frtt lift for your tqulpmtnt. 

You should kttp tht condtnstr fins frtt from dirt and obstructions. Insurt that the 
evaporators are kept free from excessive frost build-up. Check electrical contacts and 
connections and keep them free of dirt and arease. Al$o» make sure that the contacts are not 
yurned. If the equipment Is equipped with filters, check them at regular Intervals and keep 
them clean; replace them If necessary. Check the unit for unusual noises and vibrations, 
making the necessary adjustments. These adjustments may Include leveling the condensing unit, 
carefully bending copper tubing away from whatever It Is hitting, adjusting belts, and making 
any other small adjustments that may be necessary. 

If you keep track of the small things that may occur from time to time, the unit will 
give you long life, free of major maintenance problems. 

Now that you are aware of the types of preventive maintenance and critical Inspection 
areas In general, let's take a closer look at three Items of refrigeration eaulpment that you 
will be maintaining, the reach-In and walk-In refrigerators plus the Ice-making machine. 

The first requirement for maintaining the larger refrigeration systems or units Is to 
observe the mechanical equipment for normal operation. Investigate any unusual noises or 
vibrations that occur during operation. Doors must be checked for proper closing. Adjust 
latches to Insure doors close tightly and lubricate hlnaes and latch mechanisms. Gaskets 
require examination for missing, or worn sections. Replace gaskets found to be defective. 
Refrigerant lines, connections, and components should be looked at for Indication of damage or 
leakage. Use a leak detector to check suspicious areas: a Hauld soap leak detector Is 
recommended. Any leakaae must be corrected either by tightening threaded connections or by 
soldering or brazing hoies In components and cracks In previously soldered or brazed joints. 

Cabinets surfaces should be checked for damaged areas. These areas should be cleaned 
up and retouched with paint to prevent further deterioration. Wood components should be 
checked for cracked, deteriorated wood, damaged or spread joints, and deteriorated finish. 
Defects should be repaired and the finish restored. If there Is a possibility that the 
Insulation has absorbed moisture or shifted, feel the outside of the cabinet for cold spots or 
look for areas of condensation on metal cabinets. If cold spots are found determine the 
cause. Damp or wet Insulation must be replaced with dry Insulation but only after the air 
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leak has b«tn staled. Shifted Insulation will have to be repositioned or the void filled wni< 
new Insulation on boxes that allow this. 



Clean the cooling colls, fins, drain pan, and drain line connections. Check the 
coolina coll supports, casing, and drain pan for » ist. Clean and repaint when needed to 
prevent further deterioration. The cooling coll fan motor bearings should be checked and 
lubricated as reoulred by the lubrication Instruction. The fan should be observed for 
excessive vibration, and dirt wiped from both the fan and motor. The compressor motor 
bearings should be checked and lubricated and dirt, lint, and oil wiped from the motor housing 
and vents. Open compressors should be checked frequently for evidence of seal leakage and for 
proper oil level. Belt drives are examined for condition, alignment, and tension. 

Frost does not normally accumulate on the evaporator when units operate at 35^ F or 
above. On equipment that operates at lower temperatures, frost may accumulate on the 
evaporator, especially If It does not have an automatic defrost system. Ice should not be 
allowed to get over 1/4 Inch thick before the unit Is defrosted. The automatic defrost 
controls roust be checked when Ice accumulates on units that are designed to be self-defrosting. 

Thermometer* used to show the temperature should be checked for condition and checked 
for accuracy against one known to be correct. Adjust thermometers which have provisions for 
recallbratlon. Replace defective thermometers and ones that can not be calibrated. 

The Inspection and maintenance on Ice-making machines, whether they are of the cube or 
flake type, are about the same. 

The gear head, motor bearings. Ice cutter bearings, evaporator drum shaft bearings, 
chain drive, and gear motor should be checked for condition and lubricated every 3 to 6 months 
depending on the machine and In accordance with the current lubrication Instruction. Gear 
reducers should be checked for oil level periodically and the gear case drained and refilled 
with all purpose gear lubricant about every 6 months. 

Note : Be sure to consult the appropriate TM and/or the LO for proper lubrication 
with the correct type lubricant and Interval for each Item of equipment. 

Since Ice Is a food Item, it Is Important that the water system be kept as clean as 
possible. The water tank should be drained and flushed dally. In addition, the circulating 
water system should be cleaned periodically depending on the analysis of the water. The water 
system Is washed with a soap solution and water. After washing, the system Is throughly 
rinsed to remove all traces of the soap solution. When the water system. Including freezing 
tubes and evaporator drums, becomes coated with mineral deposits, added cleaning Is required. 
In many cases, the mineral deposits can be removed by wire brushing and flushing with fresh 
water. The first full bin load should be discarded. On some equipment, mineral deposits may 
be scraped off or removed with fine steel wool or sanded with fine wet/dry sandpaper kept wet 
with water. 

Chemical cleaning Is needed when mineral deposits have been permitted to become heavy 
or hard scale has formed. Citric or acetic acid are preferred for chemical cleaning but If 
these are not effective It may be necessary to use muriatic acid. Chemical cleaning Is done 
with the refrigeration system Inoperative which may require removing the compressor belts or 
disconnecting the compressor. The acid should be mixed with water as directed, usually one 
part citric or acetic acid to one part water or 1.5 parts Inhibited muriatic acid to 3.5 parts 
water. The acid solution is circulated through the water system until the scale is removed 
which normally takes from 30 minutes to an hour. The acid solution is then drained and a 
solution of baking soda and water is used to flush the system. The system should be flushed 
two or three times with clean water before putting the machine back into operation. 

The ice cutter of a rotating drum ice-flaking machine is mounted on two self-aligning 
ball bearings on the machine frame. The clearance between the cutter blades and drum Is 
important to the proper cutting of the ice. This clearance should be .006 to .008 of an Inch 
KAen the drum is warm. This provides a clearance of .015 to .020 of an Inch when the d^-um Is 
cold. Cutter clearance Is adjusted by loosening the bearing-to-frame bolts and moving the 
bearings backward or forward. The clearance must be adjusted so it Is uniform for the full 
length of the drum. The beveled edge of the cutter blades should be toward the ice chute. 
The scraper blade should be adjusted to .010 of an inch clearance when the drum is warm to 
provide approximately .020 of an inch clearance when the drum is cold. Scraper blades 
clearance is adju** :ed by turning the slotted head screws holding the plate. 

The evaporator drum is rotated by a drive chain driven by a gear motor mounted on an 
adjustable plate. One end of the adjustable plate is attached to the machine's frame. Two 
adjusting screws with locknuts are used at the other end of the adjustable plate to move It up 



O 1-4 

EKLC 



15 



and down to get the proper tension on the chain drive. The chain Is properly adjusted when It 
can be depressed 1/2 Inch by thumb pressure app11''.d halfway between the two sprockets. Units 
with fixed evaporator druns should be checked for alignment. This Is done by measuring the 
clearance between the Ice removal blade and the drum at several places. The clearance should 
not be less than .003 of an Inch at any point. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. List four types of services that are performed by the operator. 

a. 

b. 

c. 

d. 



2. List four critical Inspection points of refrigeration and air-conditioning 
equipment. 



a. 

b. 
c. 
d. 



3. Specify the Inspections and maintenance to be performed on reach-In and walk-In 
refrigerator doors. 



4. State two methods used to repair leaks In refrigeration systems lines. 

a. 

b. 

5. Indicate how It can be determined on a metal cabinet refrigeration unit If the 
Insulation Is wet or has shifted position. 



6. State two maintenance tasks that must be performed on gear cases of Ice-making 
machines. 

a. 

b. 

7. Identify three chemicals used for cleaning the water system of an Ice-making 
machine. 

a. 

b. 
c. 
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8. Explain the action to be taken after the chemical solution has completed Its 
cleaning action. 



9. What is the minimum clearance between the removal blade and the drum on a fixed 
drum Ice-flaking machine? 



SUMMARY REVIEW 

In this study unit, you have learned the correct procedures required when installing 
refrigeration and air-conditioning equipment. You have also learned the preventive 
maintenance procedures required In order to Insure the maintenance free operation of the 
equipment. 



Answers to Study Unit #1 Exercises 
Work Unit 1-1. 

1. consult the appropriate technical manual. 

2. a. Leveling 

b. Drainage 

c. Electrical supply 

d. Ventilation 

Work Unit 1-2. 

1. a Before Operation Services 

b. During Operation Services 

c. After Operation Services 

d. Quarterly PM Services 

2. a. Condenser fins 

b. Evaporator 

c. Electrical contacts and connections 

d. Filters 

3. Doors are checked for proper closing and latches adjusted when needed to Insure a 
tight seal. Lubricate hinges and latch mechanism. Door gaskets are checked for 
missing, worn, and set sections, and replaced when defective. 

4. a. Leaks are repaired by tightening threaded connections. 

b. Leaks are repaired by soldering or brazing holes In previously soldered or 
brazed joints. 

5. Feel the outside of the cabinet for cold spots and look for areas of condensation. 

6. a. Gear cases must be checked for proper oil level. 

b. The case must be drained and refilled at specified Intervals. 

7. a. Citric acid 

b. Acetic acid 

c. Muriatic acid 

8. A solution of baking soda and water Is used to flush the system. It then should 
be rinsed two or three times with clean water. 

9. .003 Inch 
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STUDY UNIT 2 



TROUBLE-SHOOTING 




Work Unit 



2-1. TROUBLE -SHOOTING 



STATE WHAT TVJO f RESSURES YOU SHOULD OBSERVE DURING REFRIGERATION TROUBLE-SHOOTING. 
THE^CAUSePaND remedies PRESSURES FOUND IN REFRIGERATION SYSTEMS, STATE 

SPECIFY FOUR PROBLEMS THAT MAY OCCUR IN EITHER THE OPEN (SEMI-HERMETIC) OR 
HERMETIC TYPE COMPRESSORS. 

SPECIFY FOUR CONDITIONS THAT CAUSE LUBRICATION FAILURE IN THE SYSTEM. 
LIST THREE PROBLEMS HOST OFTEN ASSOCIATED WITH EXPANSION VALVES. 
SPECIFY TWO REASONS FOR BUBBLES IN A REFRIGERATION SYSTEM. 



A good refrigeration technician must be able to quickly and accurately diagnose 
trouble within a refrigeration system. The trouble-shooting charts, located In the 
appropriate technical manual for a particular Item of equipment will help you recognize many 
of the problems that may occur within a system. You should not try to memorize these charts. 
They are meant to serve as a guide to help you understand the workings of a system. As you a 
through these charts, think of the underlying reasons why each trouble could cause a 



Even though the reliability of equipment and systems in modern refrigeration work is 
quite high, as you can see from trouble-shooting charts there will be occasional breakdowns or 
failures. Some malfunctions are caused by defective equipment , some by poor Installation, and 
some because of poor maintenance . The last point ( poor maintenance ) is ^n most cases the 
primary offender . 





Fig 2-1. Corsult trouble-shooting guide. 
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No matter what the cause, the skilled technician must be able to diagnose the 
malfunction and correct the situation* Frequently^ time Is also an urgent consideration In 
refrigeration breakdowns because there may be many dollars worth of perishable foods 
Involved. Therefore, one of the most Important skills to be learned by the refrigeration 
technician If the art of trouble-shootlng * 

TROUBLE-SHOOTING Is the process by which a technician systematically and 
logically analyze systems, both positive and negative, to determine a problem, find the 
cause of the problem, and correct It. 

When working on any piece of equipment while on a trouble call or In the shop, the 
serviceman must be fully aware of the elements which cause problems most frequently. By 
experience, most technicians have established an order of priorities on any particular type of 
equipment, by automatically checking certain known trouble spots first. In 80 percent of the 
cases, and possibly higher, the problem can readily be found and corrected without an 
extensive breakdown of the functional systems of a unit, or without having to spread out the 
blueprints or electrical schematics to get down to serious troubie-shoctlng. 

By understanding the operation of Individual components within various systems, the 
technician then can correct approximately 80 percent of the trouble-shooting problems which he 
Is confronted. However, WHAT ABOUT THOSE TIMES (THE 20 PERCENT) WHEN HE CANNOT FIND THE 
PROBLEM AFTER HE HAS EXHAUSTED ALL HIS "KNOWNS* ??? These are the times which test the real 

trofesslonal ability of the technician. They Immediately bring Into the open the difference 
etween the "barn-yard" mechanic and the guy who "has It all together." 

The person who has not organized his service trouble-shooting processes and testing 
procedures will continue to "arab at straws" with the hope that one will lead to the problem. 
This Is not only costly and time-consuming for the maintenance program, but It Is extremely 
frustrating for you, the serviceman. 

The person who has a logical, well-thought-out, systematic approach to such a 
situation will calm his emotions, and start recording negative and positive signs or symptoms 
which will lead him to the problem with positive, definite steps. 

It should be made very clear that there Is a great vacuum In the refrigeration 
servicing field In the area of trouble-shooting. Every manufacturer has his method for a 
particular Item of equipment. However, the principles of trouble-shooting are never "spelled 
out," so the poor unsuspecting serviceman Is bound to "specifics" rather than sound general 
principles which might be applied In every difficult trouble-shooting situation. This Is not 
to say that there are not good trouble-shooters available In every service organization. 
There are many who. In some cases, have devoted numerous hours to servicing and particularly 
to trouble-shooting. These Individuals have met the test of organizing their thinking, their 
trouble-shooting process, and refined It to a smooth working step-by-step process which leads 
them to success each and every time. Many servicemen do not have the time nor the opportunity 
to trouble-shoot on a continuous basis, to develop this treasured skill. They do need It In 
their work, sometimes frequently, sometimes Infrequently. It Is with these thoughts In mind 
that we move Into the elements of trouble-shooting. 

The trouble-shooting steps are shown here briefly and explained In detail one~by-one 

later. 

• KNOW - The equipment, the function, the Installation, and all the elements 
necessary for proper operation. 

• DETERMINE THE SYMPTOMS - Any positive or negative clue, sign or Indication given 
by the equipment, specifically what areas could be potential trouble or problem spots. 

• LOCALIZE TO A FUNCTIONAL UNIT - Specify the problem area, determine what the 
trouble IS and IS NOT. Determine which parts of the equipment are affected and those 
which are not. Record possible functional units In which the trouble might be found. 

• ISOLATE TO A COMPONENT OR CIRCUIT - From the list of components In each 
potentially troubled functional unit, check the ones which could cause the symptom. 

• FIND THE PROBLEM - FIX THE PROBLEM - TEST - RETEST - Hake sure all problems are 
found, check an components which could cause the same symptoms. Test the functional system. 
Test the entire unit for proper operation; retest each. 
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A memory device might be utilized for those attempting to retitember the above steps In 
order such as the first letter of each step; K-D-L-I-F, pronounced k1d-11f . 

Now that you are aware what Is to be accomplished, let's take a closer look at each of 
the above steps and see what Is done for each step In trouble-shooting: 

!^!j°"-I"gJ9"?f.'g!!I' THE OPERATION, THE INSTALLATION, THE REPAIR PROCEDURES. THE 
OPERATION SEqUENCES. THE TESTI NG PROC E DURES, HOU T O ADJUS T EACH PIEC E , AND O T HE fe 
REQUIRED ELEMENTS , ' 

In this step you must: 

• Study the equipment and each component's location. Read all available service 
literature (Installation Instruction, maintenance Instructions, service data, specifications, 
etc) . 

• Manipulate «- operate the equipment according to operating Instructions. 
Operate through the cycle of operation, checking the sequence of operation. 

• Perform check*-out procedures for the entire unit and all components. 

• Check the maintenance and service record for previous problems and repairs. 

(D) DETERMINE THE SYMPTOHS - OBSERVE, RECORD, FEEL, LISTEN, REASON. CHECK. RECHECK, 
PROW OPERATING EQUIPMENT. 5S5ERVE aPERATION , 

In this step: 

• Record each symptom noted which Is different from normal operation. 

• Visually, by feeling, by listening sense changes, differences. Interrupted 
balance of forces, or something new. 

• Distinguish between positive and negative symptoms. Hake sure you test for 
what IS and IS NOT, record what each negative symptoms IS. Record the EXTENT of the 
symptom (how large, small, many, few). 

(L) LOCALIZE TO A FUNCTIONAL UNIT - OBSERVE, OPERATE, CHECK AND RECHECK EACH 
FUNCTIONING SYSTEM . 

In this Step: 

• Analyze the listed symptoms. Specify which functional systems can be part of 
the p.oblem or problems. 

• Specify which functional systems can be excluded from further checking. 
Record these, so you do not forget them, 

• List symptoms for each functional system, by functional system. 

• Test and retest systems to be sure all problems are found or all functional 
systems are Identified. 

(I) ISOLATE TO A COMPONENT OR CIRCUIT - OBSERVE, OPERATE, TEST AND RECHECK EACH 
FUNCTiONING SYSTEM , 

In this step: 

• Hake a list of all components for each functional system. 

• Note which components or circuit might cause certain recorded symptoms. 

• Operate each circuit or component observing Its functioning. 

(F) FIND THE PROBLEM - FIX THE PROBLEH - TEST - RETEST - TEST EACH COMPONENT, OBSERVE. 
RECORD. RETEST. REPLACE C0MP0NEN1. TEST AND kETEST: 
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Remember , trouble-shooting Is not as difficult as you may think. Equipment can not 
talk but It will do Its best to Indicate what Is wrong and where the problems lie (see fig 
2-2). Each component within the system has Its own way of attracting attention; belts will 
squeak, valves will chatter, a leak will hiss or show an oil spot, or a motor will smoke. 
Each Is saying the same thing - HELP 11 It Is your Job to recognize these symptoms and 
Interpret them properly. 




Fig 2-2. Trouble-shooting. 

The best procedure for diagnosing refrigeration troubles Is to observe the operating 
pressures . As long as the unit Is properly designed and sized, both suction and head 
pressur e should correspond to the pressure-temperature chart. 

SUCTION PRESSURE of a system or unit. Indicated by the suction pressure gauge, 
should correspond to a temperature approximately 10^ F less than the temperature of a 
thermometer placed on the cooling coll. 

Example ; 

A system using R-12, having a suction pressure of 37 psig, will have an evaporator 
temperature of approximately 50^ F. By subtracting 10^ F from the temperature difference 
between the Inside and outside cooling coll condition, and by checking the Pressure - 
Temperature (P-T) chart, you can determine the temperature of the refrigerant In the suction 
line. 

To determine the proper operating head pressure on forced convection air-cooled 
units, add 30^ F to the ambient air temperature and obtain the head pressure from the P-T 
chart. tFIs 30^ Is an average. 

Example ; 

If the ambient temperature Is 90^, add 30^ (90^ + 30^ - 120^). With a 
system using R-12, a 120^ temperature equain^7.1 psi on the P-T chart. Remember this Is 
an approximation, and a few degrees or pounds per square Inch variance from this may be 
considered normal. 

This same procedure Is employed to determine the head pressure of a water-cooled 
unit. However, only add 25© to the temperature of the I nlet water . 

Example ; 

If the Inlet water temperature Is 75© F, add 25© (75^ + 25© = lOOO). with a 
system using R-12, a 100^ F temperature should have a corresponding pressure of 116.9 psi. 

Operating pressures that are too low ot too high are considered abnormal . One 
condition is just as bad as the other. 
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Una moi^ l^^^lVi P^gssure Way be caused by a low charge of refrigerant, obstructed liquid 
moior control out or adjustment, or not enough air passing over the evaporator. 

-w-.-.i«r-S=2!j-£!i^ usually Indicated by bubbles In the sight glass, hissing at the 
expansion vaive, a warm suction line, a cool liquid line, a low suction Drassure or « w«rm 
evaporator, since these conditions ;iso can be caused bi t rSSt^lct S ?n th" ?iH°<ri'i?S['" 
It may be necessary to check for both a low charge and a re strict on to detr"m^ne which 
kS' rouble. If a unit Is found to be low on refrigerant fiS a" pllr ttJ leak 
5?^ff^lS!!i:^*"^ the unit is low on refrigerant, there has to be a iSak some plSce Sere 
t^VSJlJ^rSilS'a'nrSSlJ: ^" '''''' "'""'^"^ leakf^^Su^ini iSvT 

vaiv» Kpnurv°{!. .h!!c* Pf'wsures can usually be found at screens, 

jtfj:^; JSPj4«^ and soldered Joints. A restriction In the liquid llneTs-usially 
indicatea py a arop in tenperaturc at the point of the restriction. Restrictions are usually 
rMtrlcE^oS^u'fnUJ!'. '7;^ Pi"!' of metairsoTder. and other coSS;ml5;nS JhJS T ^ 
iJ S SiSSe ?he JSiir L o„^"'J ". '"P°'-t«nt to determine the cause of the contaminants as It 
ri-ini^STIni- restriction. A baa ly contaminated system may require disassembly and 
cleaning before satisfactory performance can be expected. 

-i.„nri.t!!ll*l!hl°'*"'"'^*^°" pressure is attributed to Insufficient air passing over the 
mporator the cause can usually be traced as a di rty filter or p ac?ng ofboxes and 
fooasfuTTln such a way as to restrict the flow of air. Clean the filter, rearranae the 
foodstuff, and Instruct the user on the correct operation. A burned out mot" SS J forced 
convection evaporator will cause this same condition. 

comDressS??^SfeHllT^ ^! u^T^ malfunctioning expansion valves. Inefficient 
compressors, high neat load. and high head pressure. 

h«r™.o wis*'' rViV^^ years of operation, the valves, rings, and pistons on the compressor 
^^nST^^n""^: """^^^ ^" compressor capacity and a high head pressure. When this 
condition Is found, repair or replace the Inefficient compressor. 

t««.„or.*»!Jf*' ""^i ^! designed to handle a given size heat load at a given 

temperature. If the size of the load Increases, the Equipment must also be Increased. 

m-Hi.™ ^.i:?*^!!?!}'' P''^""r° wn be caused by a low charge. Inefficient compressor, cooling 
SSJSe Sith I ir^urS "5°^"? •"'J^T- M«t refrigerant controls Jre desigSSd tS' 
operate with a pressure drop of at least 60 psi. If the pressure drop Is not 60 osl. the 

in a starved evaporator. The head pressure can reduce to such a degree that flash aas will 
SfT^lhSJIr™'* '''"'^"^ bubbles in the sloht class that wfll glUra f"5e'lnd1«{lon 

Thorofnrf results In a reduced amount cf heat being removed from the evaporator. 

Therefore, the condenser does not have as much heat to dissipate and the head pressSre remilns 

Cooling medium being too cold happens quite often on air-cooled units In cold 
areas. Eacn appiicaxion nas to be handled Independently. It may be possible to restrict the 

tlll^^Jl^TJl'sS""'*'""'" P«'"h«PS supply'alr at foom temperSJure to the coSdenSS? In 
some cases. It may be necessary to use an electrical heating element to heat the air before it 

2S b bl!%S°;SS;;*ai?'o%%H'!;i'';'' condensing un1ts^?i'bSlnV:sS5'ln*!;e' ?a5Sr' 
th^ rnnS hftul!„ ?no""5^1n2ft ^" an equipment room and maintain the temperature In 

;i!t%"SuJ;ir?:isrthThJSS pf^ssife?"" -te-cooled umts. restricting thS flow of 

. . Excessive (high) head pressure will reduce the compressor capacity, cause the unit 
iS.S^hll.f^'/"^'?'^''"" operating cost. High head pressure can be ciused by an 
^^S^^^^'^^^f refrigerant, nonconden sable gas I n gne condenser, co oling medlS to hot, flow of 
cooling medium restricted, or a dirty condenser. vww..m3 ..leuiuiii to ngi, now ot 

^n....«r* 5?7®-.'^?*''^5Si'*^°'? technicians seem to think that adding a little refrigerant will 
correct a 1 malfunctions n a unit or system. One man will add a little gas and then leave 
without finding or repairing the real trouble. The trouble Is sti there. sS 2 S 3 Jm 
later, the user reouests another service call. The next man adds a little more gas Thil 
process Is repeated until the head pressure gets so high that the In t quItrSmSlltely o? 
"iTlKltt ""P''""'' <s ''•"•Se'l- Adding refflaerant e?eryt1me you put the gaSSS on a sStem 
i!.;.h!^L7SMSroi!S practice especially on capillary tube systems. If Se Jnit Is ^ 
overchargegrgurgrtiie excesi refrigerant to the atraospheref determine and correct the cause 
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of the original trouble 



A refrigeration technician speaks of noncondensable gases. This Is a misnomer as all 
gases are condensable If the pressure Is high enough and the cooling medium cool enough. In 
the refrlaeratlon Industry noncondensable gases are those gases that will not condense In a 
normal refrigeration system. Normally when we speak of noncondensable gases» we are referring 
to air. Noncondensable gases can enter the system during maintenance or when there Is a leak 
In TRe low side and the low side pressure goes below 0 psia. If air Is found In the system» 
purge It to the atmosphere. Purging will not eliminate all the air from a systemt but you can 
purge enough to lower the head pressure to normal. Be sure to check the low side very closely 
for 1ea^s. Air In the system usually Indicates moisture . Therefore, a new drier should be 
Instal ied. 

Occasionally, boxes and material are stacked In such a way that the discharged air 
from the condenser will be recirculated through the condenser, thereby, causing the cooling 
medium to be too hot . Providing plenty of ventilation will eliminate this problem, if it Is 
necessary for tne unit to operate In a boiler room or other hot area. It may be necessary to 
use a water-cooled condenser. If It Is not possible to reduce the temperature of the cooling 
air or use a water-cooled condenser, replace the expansion valve with one having a greater 
ressure drop and Increase the size of the motor. Both R-12 and R-22 systems will operate as 
ong as the temperature and pressure remain below the critical 1 Iwlt . In a water-cooled 
condenser, the water temperature Is seldom too hot. If the water is too hot. It usually can 
be cooled by running It through a water tower before being used In the condenser. 

In water-cooled units, the condenser may become clogged with dirt, scale and 
corrosion, thereby, causing a restriction of the cooling medium. The remedy is to clean the 
condenser and water pipes. In water-cooled units, providing plenty of ventilation will 
usually reduce the head pressure. 

All condensers get dirty and must be cleaned. However, those operating In areas such 
as mess halls where the air Is full of cooking fats get dirtier and cause more trouble than 
any of the others. 




Fig 2-3. High head pressure. 



In the air-cooled condenser, the most coninon conq;)la1nt Is high head pressure as 
Illustrated In figure 2-3. You will find that the most frequent causes of this condition are: 

• Reduced Air Quantity - This may be due to dirt on the coll, restricted air 
Inlet or outlet, dirty fan blades, incorrect rotation of fan, fan speed too low, or fan motor 
going out on overload. 

• Noncondensables In the System - Halnly due to poor Installation or service 
techniques, leak on the low-side when the system Is In a vacuum. A more specific symptom 
could be that pressure In the system will not correspond to ambient temperatures on shutdown. 
Only noncondensables will cause this. Example ; The pressure of an Idle R-12 system In a room 
at 80^ F should be 84.2 psig. 

• Short-Circuiting of the Condenser Air - Usually caused by poor site 
selection, temporary obstruction, wind conditions causing a portion of the discharge air to 
enter the Inlet opening. 
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|J|ffit25s: The same as with scaling, high water quantity, low water temoerature 

• Evaporators cooling air. 

• Evaporators cooling liquid. 

clrculatiSn^'MISJcJllTO SvlpSrFT; t^"1s^5Fl5p^ortt'J?"/°'""'' ^ ^'^'''^ 
refrigerant feed Is usually throSgTexpInslSn^IllvSS^o"? MplTla^lSs?^'^'' ^'^P'"^^"" '^f"'- ■^"^ 

^.nJa^t^^JK^^^ m reV? W"eeM;if^^ 

There are two areas where trouble may be encountered In evaporators that cool air; 

• Air supply and distribution. 

• Refrigerant supply and distribution. 

2-4). /;ho%Wai"1^^^^^^^^^^ rZ JollSllS?""' MOclent-alr (see f ,g 
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• 


Dirty filters 


• 


Dirty colls 


• 


Restricted duct work 


• 


Fan running backwards 


• 


Slipping fan belt 




Improperly set fan pulley 


• 


Improperly adjusted dampers 




Fig 2-4. Proper ventilation required. 



Generally, if the quantity of air has been reduced enough to seriously impair the system's 
performance, It will be obvious without air measuring equipment. Symptoms of low air quantity 
that you will encounter are as follows: 

• Low suction pressure 

• Frosted coil 

• Iced coil 

• Abnormally low air temperature 

If poor system performance is caused by reduced air quantity, returning air quantity 
to normal should clear up any or all of the above symptoms. 

You will find that high air quantity problems are very rare, but nevertheless, when 
they occur, noise Is the usual symptom, along with occasional compressor overloading due to 
high suction pressure. 

Proper performance cannot be accomplished by an evaporator with uneven air flow. 
Improper ductwork or coll placement is generally the cause for poor air distribution. Air, 
like electricity, will take the path of least resistance, and this Is usually the shortest 
distance. Remember, however, that turbulence causQS resistance, which will make even the 
shortest path the one with the greatest resistance. 

Uneven air distribution over the coil may cause a lowering of capacity and will be 
indicated by lower than normal suction pressure due to uneven coll loading and possible 
refrigerant floodback due to lightly loaded refrigerant circuits. Some baffling may be 
required to get even air velocity over the coll. The valve (see fig 2-5) must have the proper 
supply of refrigerant to feed the coll. A shortage of refrigerant to the coil may be caused 
by any of the following: 

• System refrigerant shortage 
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• Plugged drier 

• Restricted line or fitting 

• Faulty expansion valve 




9 
9 



Fig 2-5. Proper supply of refrigerant required. 

Symptoms of a refrigerant shortage to the coll will be 

* low suction pressure, 
possible frosting or Icing of the coll. 
bubbles In sight glass (depending on Its location), 
temperature drop In the liquid line (If due to a restriction), 
high expansion valve superheat. 

• flash gas due to long vertical liquid line. 

u ""P^^ refrigerant Is present and no restriction exists hut vmi 

e iSsss" ^.'JoffoJT' "'lessors cSi^; "xjs;! s 



Mechanical seizure 
Noise 



* Failure to pump properly 

• Overheating 



Seizure Is a major difficulty In compressors. Before rebulldina or reolacina » 

A°2c?nr?St""" f "^"'"^ ^« dttennlned in order to JreSeni rSowurrenw 

A factory defect can show up at any time In the life of a compressor, but Is most «nt In 
appear shortly after being placed Into operation In the systeS for Jhe first ^ 



ERIC 



26 



tiMi It It feMi ti ilMrtiiM fll pMttkIt Jok cMiti first • tinct tkty etii cmm • rtptat 
raitart* A mp'mr tbit u Im m til or out of oil lodicotoi o li*ricotiofi foiluro miidi 
oovM bo ooMii ly (bor oooiitiomi 

^ MMiril oil tropo to tbo lyitoi. 

• Hof^fforoot f loottook to tbo ooifrotior *riot oporotioo tfoo to t bod 
OMpM^loii volvo or poor tonporotoro iofitio« bolb locotioo. 

^ riooioO itort Ooo w rof^lforoot oeaMlotloo in tbo eo^protior durln« 



^ ftof^lfiroot ibortOfOi vbicb cooioi oil tropping. Tbo rooioni • lock of 
fofficfoot Mtt flow Of vopor. 

If tbo ooifrnur oil cborfo U oorwl oo o loiioo borwtie co^rotiori it it ufo to 
ooooM tbo tiip oiior mo ncbooicolljf oofoctm. Soiioro it foirly comoo vitboyt o burfiout» 
to ooioioor (t tbo roooU of o torooot, oot tbo eooto. 

bi Oi opoi OiHrootor» o toor-OoM of tbo ooit ood o koowlodgo of tbo qutntity of oil 
to tbo crookcooo vllt bolp Ootonrtoo tbo eooto of foiloro. 




Fif 2-f« Coivrottor osklog for bolp. 



Ibo co^ ooior lo flooroo M mt t*7 oro tryiof to toll ot tOMtbloo* Cxeottlvo 
ooito 10 0 coMrtittr fOMroilf loiicotot moot Ooo to o lock of lobrlcotlon. Nolto coo alto 
bo oMOOl ly tto ton oooOitlOM tbot lood to toiiort of tbo ooaprottor. 

iottllof of tbo co^otior oo ttortup* toMtbm roforrod to u 'tloMlM/ it cootod 
by 00 ooonolottoo of HfoM roAriforoot lo tbo coipi oiitr crobkcoto dorino tbo 'OFF" cyelo. 
lio ooMto rodootloo lo crookcooo prtttoro u tbo coiponor ttortt cootot tbo roftrl^oroot oil 
■fitvro to fbis* Ibit fooa pootiof tb rooib tbo nivo cootot tbo rottlo» idilcb cootlooot ootll 
tbo ro i rtooroo t it diotlllod on ood tbo oil lovol ttobllltot. Crookcoto bootort or poopdowi 
oootrol Mill oIlBlooto loftiol tlofoiog. 




Fifl t*7. Nolo bot orrlvod. 
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Fig 2-8. Failure to pump properly. 

«r«nTiv\J?II*5'2? '"rJ^i!*" "P'S'^y Jll* resu lt of « failure of the compressor to pump 

properly (fig 2-81. If you were to compare this coqi.-essor to a human being, you would say hS 
was suffering from low blood pressure. A serious deficiency In compressor Jiraolna caoaclS 1$ 

JlT^.W"""? compressor will be hotter. Less 

serious losses In pumping capacity are more difficult to pinpoint. The following are two good 
but simple checks that can be made to pinpoint the loss: Tuiigwing are two gooa 

the compressor running, close the suction service valve. At normal head and 
with no refrlaerant In the crankcase. !he compressor should pull down to a range S 15 In to 
25 in vacuum In less than a minute. a » ui la m 

• Close the discharge valve quickly and tightly Inmedlately after stooolna the 
lbS'i;T;inSj;""J?mi? 3lscharge\lde of the cSmprJssrshSu VnSt dJorSK thS 3 to 4 

rMflw* tli ^JiinATllll^ '5 "PS".?"" s«»<her"»t<c type and falls either test listed above. 
SrKdl} loJil JllSs? compressor valves. Look for blown gaskets or broken 

^^t^ hermetic compressors have no service valve, so a Judgment about pumping 

of pressure and temperature. When nTgauge porSsare' 

52 MS;d bv'Shi Ll%?2«?5S fh^Jnng^J*"*'"?!":? Remssber, that hermetic compressors 

flowing through them. If the gas flow Is down, due to poor pumping 
ability, the compressor will run hotter than normal. pu«P'ng 

i.-«-^.i.»J^5l!?.ll'"c^*" 5^2?"^ compressor shuts down In response to Its 

temperature device. Several things may cause a compressor to overheat: 

• Low voltage (hermetic) 

• High voltage, low suction (hermetic) 

• Shortage of refrigerant (hermetic) 

• High load (high suction pressure) 
^ High load pressure 

• Low oil charge 

• Very high compression ratio 

Controls also can contribute their share of headaches to the system. Although there 
may be a nua&er of controls on a particular unit, this discussion will be confined to the 
j?y<ce and pressure switches, since both actually tie Into or form a part of the 
refrigeration cycle. Metering devices will be covered first. ^ 
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Fig 2-9. Blaming the expansion valve. 

As Illustrated In figure 2-9, the expansion valve Is quite often mistakenly held 
responsible for operating malfunctions In the cycle. The three problems most cornnonly blamed 
on expansion valves are: 

• Overfeeding (flooding) 

• Underfeeding (starving) 

• Erratic (hunting) 

Flooding (overfeeding) may be caused by the valve sticking In an open position; 
however, H may also be caused by the following: 

• Improper superheat on the valve 

• Improper valve bulb location on the suction valve 

• Wrong type of valve for refrigerant In the system 

• Loose expansion valve bulb 

• Light load 

• Excessive oil In the system 

Starving (underfeeding) may be due to the valve sticking closed, or by the partial 
loss of the gas charge In the power element of the valve. You may find the coll being starved 
for the following reasons: 

• Wrong type of valve for the refrigerant used 

• Shortage of refrigerant 

• Improper superheat setting 

• Plugged drier 

• Plugged refrigerant distributor 

• Improper valve bulb location 

• Plugged equalizer line 

In the performance of your Job, you will find that expansion valves by their very 
nature will "hunt" to some degree. Remember , a valve tries to control the superheat of the 
gas leaving Wevaporator by varying the flow of liquid refrigerant entering the evaporator 
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several feat upstream. Therefore, the response Is not Immediate. Excessive "hunting" can be 
caused by Internal parts that stick or bind. Aside from the faults In the valve Itself, the 
following may cause excessive "hunting": 

• Oversize expansion valve 

• Very light load 

• Long refrigerant circuit 

• Rapid changes In condensing pressure or temperature 

• Rapid load changes 

• Intermittent flashing In the liquid line 

Capillaries, though simple In themselves, behave In such a manner as to make the 
problems .n a system hard to diagnose. In all other devices, the pressure drop takes place 
within a short distance, throuah an orifice. In a capillary tube, the pressure drop from 
high-side to low-side Is spread out over the entire length of the tube. The only way a 
capillary can malfunction Is to become partially or completely restricted . However, many 
other conditions In a system affect the performance of the tube, yet give the same symptoms. 

Low suction pressure and a starved evaporator can be due to: 

• Shortage of refrigerant 

• Too much oil In circulation 

• Plugged drier 

9 Low head pressure 

Floodlna of the evaporator and Increased suction pressure can be caused by: (1) high 
head pressure s (2) excessive subcoollng s (3) overcharge of refrigerant . — 

Remember, for any given pressure difference across It. a capillary tube can pass more 
weight or liquid than weight of gas. because the liquid has a much greater density. This fact 
makes a capillary tube very sensitive to excess oil , excess subcoollng , or flashing . 

Excess oil In circulation displaces some refrigerant In the capillary tube, and thus 
reduces tne actual weight of refrigerant flowing through the tube and starves the coll. 

Excessive subcoollng reduces flashing In the capillary to such a point that too much 
refrigerant riows tnrough the tube, and flooding results. 

Excessive flashing due to shortage of gas. liquid line restriction, or capillary In 
contact with a hot surface will reduce the amount of liquid the tube can pass and result In a 
starved coll. ^ 

The operation of the other types of metering devices such as automatic expansion 
valves or low and high side floats Is much more simple and straightforward than that of either 
thermostatic expansion valves or capillaries. Sticking or leaking can occur In all three, but 
the symptoms of starving or flooding the coll are quite obvious. 
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Fig 2-10. Pressure switches. 



Host low and high pressure switches (fig 2-10) are of the automatic reset type. This 
Is to prevent service calls for an occasional nuisance tripping of a switch; however, these 
trips sometimes become a system *bug.* Such a nuisance trip of a low pressure switch will 
usually occur on start-up. The expansion valve may be slow In adjusting to the proper feed. 
During this period the suction pressure may pull down and the system may be stopped once by 
the low pressure switch before balancing out and continuing to run. 

Occasionally, a high pressure nuisance trip occurs because of heat buildup In an 
air-cooled unit exposed to the sun during the OFF cycle. When the system Is started, the 
high-pressure switch may open once before the condenser fan can clear the accumulated heat 
from the unit. The fact that the compressor comes up to speed faster than the fan motor also 
tends to cause a high pressure trip out. 

With the automatic reset or closing type of pressure switches. It Is sometimes 
difficult to tell If they have opened and are the cause of a problem. A simple way to check 
It Is to place a small fuse across the pressure switch terminals. The fuse must have a lower 
value than the current carried In as the switch opens. A check of the fuse on the next call 
will tell whether the switch has opened. 

Besides the basic components that were just covered there are other components that 
make up a system. You will cover the trouble-shooting procedures for strainer driers . 
solenoid valves , water valves , and sight glasses . 



The main purpose of a strainer drier In the system Is to pick up moisture (see fig 
2-11). However, It must be remembered that this device can also release moisture back Into 
the system. The strainer drier's water retention capability will vary with the deslccant 
being used. However, the moisture capacity of all driers Is reduced as the liquid refrigerant 
temperature rises. A drier Installed In a 70^ F liquid line durlna the winter may suddenly 
release moisture back Into the system In summer, when the liquid line temperature rises to 
100^ F. This could cause a mysterious freeze-up of the expansion valve (only If the drier 
was saturated at the 70^ winter temperature). 

No amount of moisture will restrict a strainer drier, but contamination In the system 
will. A partly restricted strainer drier will act as a metering device and cause a pressure 




Fig 2-11. Strainer drier. 
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SS"^!;.-} P»'««ure drop Is a temperature drop, which can generally be felt with 

the hand. Sweating and even frosting may occur on lower temperature systems. Seldom Is a 
strainer drier plugged so tightly that all flow Is stopped. 

Capillary tubes are very sensitive to premature flashing of the liquid. A very slight 
restriction In a strainer drier, too small to be felt by touch, can cause sufficient flashing 



capwity-^ **" capacity of the capillary and thus cause a serious drop In system 




>M \ \ \ 
Fig 2-12. Solenoid valves. 

Solenoid valves, like the "lovely lady" In figure 2-12, may hum because of low 
voltage, a lOose connection, or a sticking plunger. They may fall to open because of 
sticking, an open coll, or excessive pressure difference across the valve. Check the maximum 
operating pressure difference on the valve name plate before concluding that "he val!e Is 

*-n«« tu???' frequently occurs with a liquid line solenoid, and this can be determined by 
feeiino the line on both sides of a closed valve when a pressure difference exists. If the 
valve leaks, a temperature drop can be felt across the valve. cne 

th. !:M"]«t1na valve Is to maintain a uniform head pressure while 

the system Is In operation ana xo stop the flow of water when the system Is shutdown. Water 
valves may stick and fall to shut off tightly, but do not blame the water valve for a large 
ll^nili lllK"^^^^ """"^"^ operation. This may be due to: (1) noncondensables In the system 
keeping the head pressure up; (2) scale or dirty condenser ; ( 3) valve set too T ow. 

Remember, a water valve requires a differential between operating and shutoff 
•""'flfuli ",can not maintain an operating head pressure of 125 psig and be expected to shut 

llfiVJt '! P'^S* ""^ ^0 *o 20 psig difference between operating 

and snutoff pressures. 

Figure 2-13 shows the eye acting as a sight glass or window In a refrigeration 
system. It Is Important, when looking through a sight glass, that a completely full glass Is 

STTeel! «L','^?I"'^?*®^^.*^*y °"!» ^5 ralstake to make. Many, but not all 

glasses have flow Indicators to prevent such errors. 




Fig 2-13. Sight glass. 



ERIC 



2-15 



32 



Bubbles In the sight glass Indicate either a shortage of refrigerant In the system or 
a pressure drop due to a restriction , liquid lift , or an unde'rslzed liquid line . Be sure you 
determine the cause of the bubbles before adding refrigerant; otherwise, you may merely 
overcharge the system. 

Some sight glasses are equipped with moisture Indicating devices , which change color 
when safe moisture limits are exceeded. In effect, these devices change colors at a certain 
relative humidity of the liquid refrigerant. This gives them two characteristics worth 
remembering. First, the Indicator will not read properly unless It Is completely submerged In 
liquid refrigerant. Second, the color change always occurs at the same relative humidity, but 
as the temperature of the refrigerant goes up It takes^ore moisture In parts per million 
(ppm) to cause the same relative humidity. For example, 10 percent relative humidity In R-12 
at 80° F represents 10 ppm, v/hlle 10 percent relatlvle humidity In R-12 at 100^ F 
represents 16 ppm. 

A moisture Indicator element that has been subjected to excess water will not read 
correctly, since the salts In the Indicator may have been leaked out. An element subjected to 
burn out acids will also be damaged. Do not keep changing driers In an effort to get the 
proper color on a moisture Indicator. ChecK the Indicator on a fresh drum of refrigerant with 
a known low moisture content (most refrigerant manufacturers specify 10 ppm of moisture or 
less In their refrigerant). 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. State the two pressures that you should observe In diagnosing refrigeration 
troubles. 



a. 
b. 



Referring to the answers to question #1 above, how do you determine If the two 
operating pressures are within normal ranges? 



a. 



b. 



3. State the causes and give the remedies of the following abnormal pressures, 
a. Low-suction pressure: 

(1) Causes: 



(2) Remedies: 



b. High suction pressure: 
(1) Causes: 



(2) Remedies: 
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c. Low head pressure: 
(1) Causes: 



(2) Remedies: 



d. High head pressure: 
(1) Causes: 



(2) Remedies: 



4. Specify four problems that may occur In either the open or hermetic compressor. 

a. 

b. 

c. 

d. 

5. Specify four conditions that cause lubrication failure In the system, 
a. 

b. 

c. 

d. 

6. List three problems most often associated with expansion valves. 

a. 

b. 

c. ^ 

7. Specify two reasons for bubbles In the sight glass of a refrigerant system, 
a. ^ 

b. 



Work Unit 2-2. LEAK DETECTION 



STATE THE HOST COMMON CAUSE FOR LEAKS IN A REFRIGERATION SYSTEM. 

DIFFERENTIATE BETWEEN A POSITIVE AND NONPOSITIVE METHOD OF LEAK DETECTION. 

NAME THE SPECIAL METHOD OF LEAK DETECTION. 

A refrigeration unit, to operate efficiently, must remain perfectly sea led. The 
Mtclfli!!! 1^? system, and air, foreign matter, and moisture (normally 

Classified as noncondensables) must be kept out. The most common cause of leaks is poor 
workmanship, such as Improper flaring, poor soldered or sweated joints, and failure to 
tighten connections. Other causes can be traced to normal operation, such as wear due to 
Jli^yiH: »^«at, pressure, and vibration. Some units may come from the manufacturer in a 
defective condition or are damaged in moving from one place to another. You should thoroughly 
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check all units upon receipt or when It Is necessary to move them to another location. There 
are three methods used to detect leaks In a system: (1) positive method . (2) nonposltlve 
method , and (3) special reethod > — 

A POSITIVE METHOD Is one that Is used not only to determine If a leak Is present In 
the systefflt Dut it a] so determines Its exact location. The use of the soap or oil bubble test 
(fig 2-14) to detect leaks Is a positive method. 




Fig 2-14. Bubble test (soap and water). 




Fig 2-15. Hallde torch. 



Using the positive method* you mix soap and water together to make a thick solution. 
Let It sit until the bubbles from mixing have disappeared. Then apply the solution to the 
suspected leak with a soft brush. If a leak Is present, bubbles will appear In the solution 
(see fig 2-14). This method of leak detection Is very useful when testing under hazardous 
conditions. Oil can also be used In the same manner. Spread a ' Hm of oil around the joint 
or suspected leak and If there Is a leak present, bubbles will appear. 

A NONPOSITIVE METHOD Indicates the presence of a leak, but does NOT Indicate Its 
exact locaTloiu Pressure and vacuum tests are nonposltlve methods of detecting leaks. 



A nonposltlve method, when used, will let you know that there Is a leak somewhere 
within the system. In the pressure test, a positive pressure Is built up throughout the 
system and a reading Is taken* After 24 hours another reading Is taken. Any drop In pressure 
from the first reading will Indicate the presence of a leak* In the vacuum test, you would 
draw the system down to a vacuum; any rise In pressure over a 24-hour period will Indicate a 
system leak* 

A SPECIAL METHOD Is also classified as a positive method of detection, but It is one 
that can only be used on equipment using certain types of refrigerants* The hallde torch and 
electronirieak detectors are special methods* This method Is special because It Is used only 
on systems that use halogen type refrigerant (R-22, R-12, R-11, R-500, R-502, etc.)* 

Alcohol, propane, acetylene and most other torches burn with an almost colorless 
flame, but If a strip of copper Is placed In this flame, the flame will continue to be almost 
colorless. However, If even the tiniest quantity of a halogen refrigerant Is brought into 
contact with this heated copper, the flame will Immediately take on a light green color* This 
principle Is used In hallde torches to detect leaks in a refrigeration system. 

Referring to fig 2-15, the torch burner is shown at the top* One end of a rubber tube 
(sniffer tube) Is connected into the base of the burner* The other end is free to be moved 
about to various parts of the refrigeration system. The rubber tube will draw air from the 
open end into the burner* If the open end of the tube is brought near a leak in the system, 
some of the leaking refrigerant vapor will be drawn up the sniffer tube into the burner. 
Imnediately, the color of the flame will change to green, indicating a leak. 

When using this method of leakdetection, you must be careful because the mixture of 
aasss during usage could cause phosgene gas* Which could be deadly* It is important that the 
torch have a small flame, as a large flame will require more (larger leak) refrigerant to make 
It change color and the small leak may go undetected* 





Fig 2-16. Electronic leak detector* 



The most sensitive leak detector of all is the electronic type (fig 2-16). There are 
three types; the ion source detector , the thermosister type (based on a change of 
temperature), and the most commonly used one today, the dielectric type . The electronic type 
detectors measures a balance in surrounding air and then responds on ly to halogen gas* 
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The principle of operation is based on the dielectric difference of gases. In 
operationi the detector is turned on and adjusted in a normal atmosphere. The leak detecting 
probe is then passed over surfaces suspected of leaking. If there is a leak, no matter how 
small I the halogenated refrigerant is drawn into the probe. The leak detector will then give 
a piercing sound, or a light will flash, or a combination of both, because the new gas changes 
the resistance in the circuit. ' 

This is probably the most sensitive of any of the leak detecting devices. It uses 
transistorized circuitry. Flashliaht batteries supply the necessary energy. The plastic tip 
guard should be used only in situations that may be potentially contaminating to the sensing 
tip. The internal construction of a popular leak detector is shown in figure 2-16. 

Uhen using an electronic leak detector, minimize drafts by shutting off fans or other 
such devices which cause air movement. Always position the sniffer below the suspected leak, 
because refrigerants, being heavier than"aTrr"settle downward. 

Move the tip slowly (about one inch per second). One can measure this by moving an 
inch after each "one-thousand" verbal count. A detector adjusted in ambient air will only 
buzz, but the instrument will squeal when the tip sniffs refrigerant R-12, R-n, R-22, R-502, 
pr any of the other halogen family of refrigerants. Remove the plastic tip and clean it 
before each use. Avoid clogging it with dirt and lint. 

The methods used to test for leaks will vary with the refrigerant used. However, all 
methods have one procedure in common: at the starTof testing, a positive pressure (greater 
than atmospheric) of 5 to 30 lbs is necessary throughout the system. If no leaks are found, 
then test again at the normal condensing pressure for the refrigerant used (i.e., 135 psi for 
R" 12 ) • 

Check for leaks before the unit is evacuated. Moisture could enter the system through 
leaks during evacuation or pump down. 

Most manufacturers recommend using the refrigerant in the system to test for leaks. 
However, with proper care, nitrogen or carbon dioxide may be used safely when pressure testing 
for leaks. The pressure in the nitrogen cylinder is about 2000 psi and in a carbon dioxide 
cylinder about 800 psi. A pressure reducing device which has both a pressure regulator and a 
pressure relief valve, must ALWAYS be used when testing with either of these gases. 

A refrigeration system would explode if excessive pressure were to build up in the 
system. Numerous accidents could have been prevented hcd the technician not used excessive 
pressure when testing for leaks. 

Before using either of these two gases, look at the name plate. In the majority of 
cases, it will give the recommended testing pressure. If these pressures are not given and 
you are unable to find them, as a general rule, never exceed 170 psi pressure when testing all 
or part of a system. ' 

Note : NEVER , under any circumstance, use oxygen or acetylene to develop pressure 
when checking for leaks. Oxygen will cause an explosion in the presence 
of oil; acetylene will decompose and explode if it is pressurized over 15 
to 30 psi. 

Testing for leaks using the system's own refrigerant is the most common practice. It 
is convenient because there is no need for an inert gas cylinder and leak detection devices 
are a standard component of each refrigeration tool kit. 

To do this, you would proceed in the following manner: 

* Install a pressure gauge in the system. The liquid :ine valve (King valve) should 
be opened ju t enough to build up a 15 to 30 psi pressure throughout the system. 

* Test for leaks using one of the previously mentioned methods: soapsuds (most 
recommended method), halide torch, electronic detector. 

* If no leaks are detected at low pressure, increase the system to the full pressure 
of the refrigerant (vapor only) and again test for leaks. 

, M •J"'^ 1* located, purge the system at atmospheric pressure, open the system at 
the leak point, inspect all parts, replace any defective components, clean and assemble. If a 
soldered pr brazed Joint is leaking, flux, heat and take the Joint completely apart. Clean 
and assemble; then repeat the leak detection procedure. 
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exercise: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. What Is the most comnon cause for leaks In a system? 



Z. Give four examples of common causes of leaks In a refrigeration system. 

a. 

b. 

c. ^ 

d. 

3. State the primary difference between positive and nonposltlve methods of leak 
detection. 



4. Give an example of a positive method of leak detection. 



5. Give an example of a nonposltlve method of leak detection. 



6. What type of system requires the use of a special method of leak detection? 



Work Unit 2-3. ELECTRICAL TESTING 

IDENTIFY ELECTRICAL CIRCUIT TROUBLES AND TEST EQUIPMENT REQUIRED TO LOCATE EACH 
TYPE. 

IDENTIFY COMMON ELECTRICAL PROBLEMS FOUND IN A REFRIGERATION SYSTEM. 

STATE THE FIRST STEP TO BE TAKEN IF AN ELECTRICAL PROBLEM IS SUSPECTED. 

SEQUENCE THE STEP-BY-STEP PROCEDURE USED TO LOCATE AN OPEN IN AN ELECTRICAL 
CIRCUIT. 

SPECIFY THE TYPES OF SHORT CIRCUITS AND THE STEP-BY-STEP PROCEDURES FOR LOCATING 
THEM. 

IDENTIR THE CATEGORIES OF SHORT CIRCUITS. 

GIVEN A SCHEMATIC AND METER READING, SELECT THE TROUBLE THAT CAUSES THE UNIT TO 
BE INOPERATIVE. 

SPECIFY THE CORRECT WAY TO REPUCE DEFECTIVE UNITS IN COMPONENTS. 

STATE THE PROCEDURES USED TO HAKE MINOR REPAIRS TO ELECTRICAL CIRCUITS OR UNITS. 

GIVEN TROUBLE SITUATIONS, SELECT THE TEST EQUIPMENT THAT WOULD BE USEU IN EACH 
SITUATION. 

The most expensive equipment In the Marine Corps Inventory Is worthl ess If It win not 
operate properly. PROPER MAINTENANCE w in keep equipment In an operational condition over a 
long period of time, and trouble-shooting will return It to service In less time should It 
malfunction. These are areas of your job that require the most dedication and knowledge. 

The electrical troubles that occur In electrical systems generally can be categorized 
Into basic types. Knowing the circuit symptoms that each type of trouble Indicates will aid 
you greatly In the location and repair of the circuit that Is causing the malfunction. This 
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usually requires some type of test equipment. You should first Identify the type of 
electrical trouble, and then select t!ie correct test equipment to locate the exact wire or 
component causing the trouble. It should then be an easy matter to repair the trouble. Let's 
consider first the types of troubles that can occur. 

IMPROPER POWER Is one form of trouble you will encounter. Improper power simply means 
that the circuii: is not receiving the correct voltage and current that It needs to function 
correctly. This may be caused by aging of the circuit or equipment , corrosion of connections , 
wire too small for the length of the circuit , the circuit connected to the wrorFvoltage or an 
increase i n circuit resistance caused by loose or aging connecfToin indications of Improper" 
power are usually slow or sluggish operation or equipment, heating of conductors or equipment, 
or Incorrect operation of the equipment. 

If these conditions are noted, the obvious meters that you will require Is a VOLTMETER 
and or an AMMETER . All of the meters that will be discussed In the work unit are combined in 
the MULTIMETER (Simpson 260). The source voltage should be checked at the panel and also at 
the equipment. This Is the first step to be taken when an electrical problem Is suspected. 
Check the data plate of the equipment to assure that It Is rated for the applied voltage. If 
the voltage at the equipment Is different from the applied voltage by more than 5 percent. It 
will usually require replacement of the existing circuit with a circuit of larger wire. 
Corrosion maintenance can be required on contacts and connections. An excessive voltage Input 
can cause Incorrect operation of equipment. In some cases, an excessive voltage can cause 
equipment damage. 

SHORT CIRCUITS are another example of circuit troubles. A short circuit simply means 
that resistance has been unintentionally removed from a circuit. The amount and condition 
under which the resistance Is removed determines the type of short circuit that Is created. 
In any situation in whi resistance Is removed, current flow will Increase. If the current 
flow Increase Is high enough (If enough circuit resistance Is bypassed), the protective device 
will operate and protect the circuit, if the circuit Is equipped with a protective device. 
All electrical circuits should be so equipped. Because of this situation, a dead circuit 
meter, better known as an OHMHETER, will be required to trouble-shoot the circuit. An 
ohmmeter has Its own power supply. Types of shorts that you may encounter are cross short , 
shorted control device , and short to ground . A SHORT TO GROUND (also called a ground) is a 
circuit in which ail resistance in the circuit has been bypassed. This usually means that a 
phase (hot) conductor has come Into direct contact with a grounded conductor. This grounded 
conductor may be a neutral wire, an equipment ground, or a conduit system. All of these are 
connected to a ground electrode. 

Another type of circuit malfunction Is an OPEN CIRCUIT . This means that an unintended 
break has occurred In the circuit, causing the current flow to stop In all or part of the 
circuit. Either a voltmeter or ohmmeter can be used to hunt trouble In this type of 
malfunction. 



The most Important aspect of trouble-shooting Is COMMON SENSE . Use a logical sequence 
to begin your trouble-shooting. If possible, talk to someone who was present when the unit 
malfunctioned. Ask them to describe what happened. Make a visual Inspection and do not 
overlook the obvious. Check to see if the unit Is connected and turned on. Look for broken 
wires or terminals and loose connections. Quite often a visual Inspection will locate the 
trouble. If a wiring diagram or schematic Is available, make use of It. Check xo see where 
the circuit goes, where power is applied, and what components are connected. Make an 
operational check. See what parts of the system are functioning and what components are not. 
Analyze the malfunction. Determine the part of the circuit in which the open has occurred. 
Now select the meter you need to check the circuit. 

Let's start with a voltmeter . With a voltmeter you will need the power on to the 
system. Set the voltmeter to the power range for the voltage applied. Figure 2-17 shows how 
a voltmeter is used to locate an open circuit in a parallel lighting circuit. Notice that two 
lamps are controlled by one switch. One lamp lights when the switch is closed; the other lamp 
(Joes not light. You an* 3 the lamp bulb, but the lamp will not light. Your meter indicates 
zero voltage between ;! e contacts of the fixture. You check and the circuit breaker panel 
shows 115 volts. A cl^^a ,t the junction box shows 115 volts. Now you remove the fixture 
from the ceiling box und .ic^" the silver and gold terminals, your meter indicates that there 
<ire UF volts prei^^nt J' tr .uble-shooting a circuit, your trouble is always located between 
your difference in ^^-in; In this case, your difference in readings (zero voltage at the 
contacts of the fix u : o volts at the fixture terminals) is the fixture. Therefore the 
fixture must be replaced. You have now located and repaired your trouble. 
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Fig 2-17. Connecting a voltmeter. 



Be sure to turn off the circuit breaker and tag the panel before you start to 
disconnect the fixture terminals. Now let's coinpare"Tne Indications that you would receive 
with a voltmeter and an ohmmeter on the same circuit. 




OHMMETER INDICATIONS 

Fig 2-18. Checking a circuit with both 
a voltmeter and ohmmeter. 



Figure 2-18 shows the same circuit being checked by the voltmeter and ohmmeter . 
Notice that the fuse Is removed when the ohmmeter Is used. This Is because the ohmmeter 
supplies Its own power and MUST NOT be used In a live (hot) circuit. In both cases, you 
will notice that the trouble is located between your difference In readings. In this sase, 
the coll must be replaced. 




Fig 2-19. Cross short. 
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Fig 2-20. Circuit with coll ibortod. 
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Fig 2-22. Conduit sborttd. 
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«ny tvtnt, tht Pgwtr niuit bt ihut off . Talk to the peopU who were present when the unit 
Mifunctlontd. ulS they notice iperKi arcing? Old they smell Insulation burning? If the 
circuit 11 fused, check the fuse condition. Did the element simply melt or did It vaporize? 
A fuse with extensive blackening Indicates a very high overload. This might Indicate a short 
to ground where all resistance was removed from the circuit. If the fuse element only melted, 
wen a cross short or a shorted unit may be Indicated. Check the wiring diagram and then 
perform a visual Inspection. Use your senses of sight , smell , and touch. A blackened spot on 
the component or conduit may locate the short. TTiesmelTorhot Insulation can give you the 
location. A hot spot on the component can help you find the shorted area. 

If a visual Inspection does not show the trouble, you will need to use an OHHHETER to 
locate the exact problem area. An ohmmeter Is used since. In many cases. It will not be 
possible to have circuit power applied to the equipment. Your next step will be to Isolate 
the circuit Involved. This means that the circuit must be disconnected from the ground. With 
the circuit now open at both ends, you can take your metering readings. A normal reading 
between circuits would be Identified as Infinity (oo) on the ohmmeter. Since a short exists 
In the circuit, you will get a zero reading. Now go as near the middle of the circuit as 
possible and open the circuits at a junction box or terminal strip. Check between the 
circuits In both directions. One direction should show clear of any trouble by reading 
Infinity on the meter. The other half should show the circuits still shorted (zero ohms). 
Move down the shorted portion of the circuit to the next junction box and repeat the process 
until the short Is Isolated to a single wiring section. Normally, the wiring In this section 
will have to be replaced. Should the phase wire be contacting a grounded conductor (neutral 
wire, equipment ground wire, chassis, or conduit system). It will be necessary to take your 
ohmmeter readings between the affected phase wire and each of the grounded conductors. To do 
this, open the neutial at the power panel and check from the phase conductor to the neutral. 
A zero reading Indicates a short. An Infinity (oo) Indicates that the two conductors are not 
In physical contact and therefore not shorted. Check the neutral ground (green) conductor in 
the same manner. If the equipment around Is clear, then check from the phase wire to the 
conduit. Somewhere the phase wire is making physical contact with the conduit. Refer to 
figure 2-22 for a visual display of this situation. 
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Fig 2-23. Solid Short. 
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Fig 2-24. Partial short. 
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Short circuits can be categorized as solid , partial , or floating ^ A SOLID SHORT 
circuit means that a complete contact Is made, ana usually the conductors are rusea or welded 
together or to the conduit or chassis. The solid short Is the roost destructive to circuits 
and components of electrical systems. It Is also the easiest snort to locate (see fig 2-23) • 

A PARTIAL SHORT means that some, but not all, of the circuit resistance has been 
bypassed. Enough resistance has been removed to affect circuit operation. This type of short 
will either be in the unit or In the control device rather than In the conductors (see fig 
2-24). 
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Fig 2-25. Floating short. 
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Flg 2-26. Malfunctioning circuit. 
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A FLOATING SHORT Is a trouble that will appear and disappear In the circuit. That Is, 
sometimes cne circuit is shorted and sometimes Is Is not. Electrical contact only occurs 
sporadically. Because the short comes and goes It Is the most difficult to locate. The 
normal method of trouble-shooting this short Is to replace the conductors (see fig 2-25). 

Look at figure 2-26 and note that five separate and Individual troubles are 
Indicated. Each will be considered one at a time, Indication will be stated, an analysis will 
given, the meter reading discussed, and the trouble Identified for each. 

Trouble number one was Indicated by*Do alternating current to the system. Since no 
power was reaching the rectifier from the transformer, an open circuit Is Indicated. When a 
voltmeter was placed across the fuse, the reading was 24 volts. Normally, a fuse does not 
offer resistance to a voltage drop. Since this fuse Is using all the voltage In the circuit. 
It must be open. When the 5-amp fuse Is replaced, the circuit operates normally. 

Trouble number two was Indicated by no alternating current to the system. This also 
Indicates an open circuit the same as number one above. A voltmeter is placed across the 

trimary coll of the transformer and Indicates a zero reading, which Implies that no voltage Is 
eing applied to the system. Check to see If the system Is connected. The system shown In 
the drawing Is a fire alarm system, so the primary of the transformer Is not fused at the 
panel but connects directly to the service drop. The service drop Is fused at the 
distribution transformer. Therefore, you will need to seek help from the electrical line crew 
to repair this trouble. 

Trouble number three Is Indicated by a continuous trouble buzzer operation. Operating 
the reset switch will not clear the trouble. The ammeter reads higher than normal. You 
Isolate the zone circuit by removing the 6-amp fuse and taping the reset switch open. When 
the ohmmeter Is placed across the trouble relay coll (TRl) It reads zero ohms resistance. The 
normal resistance for this coll Is 250 ohms. This Indicates that the coll Is shorted and must 
be replaced. When the relay Is replaced the circuit resumes normal operation. 

Trouble number four Is Indicated by a trouble buzzer signal. The same Indications 
exist as In trouble number three, except that the ammeter reads zero. The same procedures as 
used In trouble number three are used to Isolate the circuit. When the ohmmeter Is Inserted 
across the operating relay coll (ORl) It reads Infinity. The normal resistance for the ORl 
coll Is 350 ohms. The Infinity reading across the coll Indicates that the coll Is open. When 
the operating relay Is replaced, the system operates normally. 

Trouble number five gives the same trouble Indications as trouble four. The zero 
ammeter reading Indicates an open In the zone circuit. The ohmmeter readings are all normal 
until the ohmmeter Is placed across the positive detector conductor. The conductor should not 
offer any resistance to the circuit. The Infinity reading on the ohmmeter Indicates that this 
conductor is open. When the conductor is replaced, the system returns to normal. 

Once a unit or component has been Identified as the source of trouble It Is necessary 
to replace the malfunctioning part. It will be necessary to exactly Identify the unit or 
component that you are replacing. Components can look alike without operating the same. 
Relays differ In operation of numbers of contacts and arrangement of contacts as well as 
voltage required and coll resistance. 

Once you have obtained the exact replacement part (by part number, series, and model), 
you are ready to start your replacement. You would be well advised to make a sketch of the 
Installed unit prior to removing It. Identify the conductor terminals by color, number, and 
location on the unit. Check the position of the Installed unit or component since It Is 
possible In some cases for part of the operation to rely on gravity, as In the case of motor 
starters. Check for Insulation blocks on the Installed component or unit. 

Be sure to shut off all electrical power and tag the circuit breaker that controls 
electrical power to the unit to preclude someone from reenergizing the unit while your are 
working on It. You might need to shut off and bleed down priBSSure of gas or liquid lines If 
the replacement would require the opening of these lines In the replacement of a component as 
In the case of a solenoid valve. 

Now you can loosen the conductor terminal connections and move the conductors out of 
the way. Loosen devices used to mount the unit or components. These can be bolts, screws, or 
nuts. If the unit Is attached by soldering, care must be used In heating the solder joints to 
prevent damage to the joints or Insulation. If Insulation Is a factor, check distances and 
measurements Involved. Remove the component or unit. Set the replacement In, align mounting 
holes and start the holding devices. Align the new component If this Is a factor, making 
necessary adjustments. Make the necessary mechanical connections and tighten the holding 



devices. Refer to your sketch and make the electrical connections. Remember to Install the 
terminal loops so that they close as the terminal screws are tightened. Go to the circuit 
breaker panel, remove the tag, and reset the breakers. Perform an operational check on the 
system to assure that It is operating properly. 

Minor repairs to electrical circuits or units Include switches on controls, tightening 
terminals And connectors, cleaning contactors, and replacing fuses, lamp bulbs, and other 
small replacement Items. Operator checks will show minor maintenance Items that require 
attention. Fair wear and tear will gradually require replacement of switches, lamp bulbs, and 
other minor parts. Terminals and contactors require periodic cleaning and tightening to 
prevent corrosion build up or arcing. 

Where there Is a possibility of coming In contact with a live circuit, power Is 
removed from the circuit prior to working on It. This can not be stressed enough POWER OFF 
WHEN WORKING ON A ENERGIZED CIRCUIT." Neutrals or ground are disconnected LAST and connected 
FIR5T. Tnese are your primary safety protection when working with electrlcaTclrcults. DO 
NOTassuine that a circuit Is deenerglzed simply because It Is not operating. ALLCIRCUIT5" 

Mld be treated as energized until proven otherwise , 

When replacing units that are color coded (switches, duplex receptables, etc.) be sure 
to observe this color code (black to gold, white to silver). Be sure that connections are 
clean and tight. Dirty or loose connections will cause resistance or arcing In the circuit 
and prevent proper operation. If ferrule fuses are used, pay particular attention to the fuse 
contacts. Fuse clips will overheat and lose tension unless they are tight and clean. In-line 
fuse holders will corrode over a period of time and require cleaning. Use care when moving 
taped splices and connections In boxes since extreme bends or twists can break the conductors 
or Insulation. 

Let's consider some trouble situations that can arise In a motor system, and the test 
equipment that you will require to locate the malfunction. 

If « motor falls to start , the obvious type of trouble Is an open circuit somewhere 
within the electrical system. TFe best meter to use would be a voltmeter. The voltmeter 
would be used to locate the point In the system where the voltage terminates. Check the power 
panel to see that voltage has been applied to the system. Quite often someone failed to turn 
on the switch. Continue through the controller to the motor until the open In the circuit Is 
Identified. ^ 

If the motor falls to come up to speed your first check should be the load. 
Disconnect the load and see If the motor runs normal. Check the Input voltage with a 
voltmeter to assure that excessive line loss has not reduced the voltage below Its normal 
value. In the case of a three-phase motor, check to see that all phases have power. Loss of 
one phase will give this Indication. Use a voltmeter to check Input power and fuses. 

Motors that will not continue to run when the start button Is released normally 
Indicate an open In the holding circuit In the motor starter. Use a voltmeter and check the 
holding circuit. 

The fuses blown on the motor starter usually indicate either a shorted circuit or 
excessive current draw. Disconnect the load from the motor and restart the motor. If the 
fuses blow, a short Is Indicated and an ohmmeter will be needed. If the motor runs without a 
load, check the Input voltage. Also, check to see that the load Is not binding or misaligned. 

Motor starters, as a general rule, are simple and trouble-free In operation. Contacts 
and connections are readily accessible. Overload relays are mostly plug-In type. Operating 
colls are encapsulated In epoxy compounds to reduce burnouts. Spare parts are normally 
readily accessible. If the motor starter was correctly selected and Installed originally, 
only minor problems will be encountered. Areas that should be checked are the thermal 
overload relays for proper size and operation, contactors for noise and movement, contacts for 
spring tension and surface condition, shunts (windings) for broken strand or corrosion, and 
colls for proper voltage and connections. 

Thermal overload devices should be periodically tested. Aging and Inactivity can lead 
to metal fatigue In some relays that can prevent their operation under any load condition. 
Since the overload relay Is specifically built as a safety valve for the motor system, lack of 
Its operation at the proper time can cause serious damage to the equipment. A requirement 
exists to test these relays every two years. 
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Contactor section of the motor starter Includes the coll and the contacts as well as 
the armature and solenoid. If the laminated armature Is not held tightly together or If the 
pole pieces do not fit well together, noise will result. Dirt or rust may prevent proper 
closure and cause noise and heat. Grease can prevent closure of the contacts. Should the 
shading coll become broken, noise will become very objectionable, at this point the shading 
pole should be replaced. 

The contactors of the motor starter close and open under a heavy electrical load. To 
reduce arcing most contacts are designed to provide a rolling action so that the circuit Is 
closed and opened at the tips of the contacts rather than the flat surfaces. This reduces 
pitting of the contacts. Since the contacts are subject to mechanical wear as well as 
electrical burning, they will eventually require replacement. Both the moving and stationary 
contacts should be replaced at the same time. Check the spring pressure to assure that the 
pressure Is firm and even on all sets of contacts. Springs may lose their tension due to heat 
and aging. Adjust or replace springs as required to provide aood solid pressure between 
contacts. Contacts are usually made of copper or silver. Silver will form a dark oxide when 
exposed, this oxide Is conductive and therefore requires very little cleaning. Copper oxide 
Is not sufficiently conductive and requires occasional attention to prevent overheating. Use 
sandpaper or a fine file such as a burnishing tool. When cleaning contacts, be sure to retain 
their original shape. Shunts are the name given to the flexible woven bands of copper that 
carry the current from the movable contacts to the stationary studs. Shunts with broken 
strands should be replaced to prevent overloading the remaining strands. Be sure that the 
terminals of the shunts are tight. The solenoid colls require very little maintenance. The 
colls should be operated at their rated voltage. Either over or under voltage will shorten 
the life of the coll. 

Many controls on refrigeration systems today are electrical. To maintain units 
properly, you must be able to make electrical tests and discover the electrical problem 
Involved. Common electrical problems that you may encounter are Improperly made , loose, and 
dirty connections; bad relays; burned-out capacitors; burned-out motors ; and detective timers . 

Loose electrical wiring can cause many problems and, at times, may be extremely 
difficult to locate. The problems caused by loose wiring do not follow any set pattern. Most 
loose wiring can be found by visual Inspection (refer to fig 2-27). However, when a loose 
wire Is suspected. It Is, at times, necessary to check each wire and Its connection 
Individually. This Is usually a time-consuming and a grueling task to say the least, but It 
must be accomplished before the unit will operate satisfactorily again. Once the bad wire or 
connection Is found. It must be repaired or replaced. Any wiring that Is not properly 
repaired will only cause problems In the future. 
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Fig 2-27. Visual Inspection of electrical wiring. 



Improperly wired units will operate inefficiently. If at all. They will not produce 
the results desired of the equipment. Each manufacturer designs his own wiring diagrams for 
each Item of equipment, designs that will cause the unit to produce the desired results If It 
Is correctly wired. If you are In doubt about the wlrina on a piece of equipment, the 
recommended wiring diagram should be consulted and the wiring changed to match the diagram. 

Low voltage to a motor can cause It to overheat and will damage the motor windings. 
This overheating Is due to excessive current draw due to low voltage. There are several 
causes of low voltage, such as wire that Is too small , loose connections , or low voltage 
provided by the power supply. To check for low voltage, connect a voltmeter to the common and 
run terminals of the motor (refer to fig 2-28). Start the unit and observe the voltage 
reading. It should not vary more than lO percent from the rated voltage of the unit. If a 
voltage drop of more than 10 percent Is experienced, check the size of the wire going to the 
unit. Be sure that It Is at least as big as the recommendation of the equipment 
manufacturer. If not. It should be replaced with proper size. If the wire Is of sufficient 
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size and the voltage Is stm low, check for loose connections. These connections will 
usually be Indicated by the wire Insulation being overheated or burned. Repair these 
connections as required. 
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Fig 2-28. Low voltage check. 



CAPACITORS are used by numerous manufacturers to Improve the starting and running 
characteristics of their motors. Capacitors are manufactured both for use In starting and 
running motors. Each manufacturer determines the proper size for his own motors. Therefore, 
you must follow the reconwendatlon In the technical manual. inerergre, 

STARTING CAPACITORS, as the name Implies, are used In the starting circuit of the 
motor. Tney are generally round, encased In a plastic casing, and have a relatively high 
microfarad imfdj rating. These capacitors are designed for short per iods of use only. 
Prolonged use will usually result In damage to the capacitor, it a starting capacitor Is 
found to be defective, be sure to check the starting relay before the unit Is placed In 
service or the new capacitor may also be damaged. The best way to check a capacitor Is by the 
use of a capacitor analyzer. This type of meter provides a direct reading of the mfd output 
of a capacitor without the use of bulky equipment and mathematical formulas. Starting 
capacitors that are found to be out of the range of OX to +20X of the mfd rating of the 
capacitor must be replaced with the proper size. 

*u R8Pl?<=«"e"* capacitors must have the same voltage rating as those being replaced. 
Also the voltage rating of any capaci or must be equal to or greater than the capacitor being 
replaced. When replaclna a starting capacitor, be sure that a 15,000 - 18,000 ohm, two-watt 
resistor (bleed resistor) Is soldered across the terminals of the capacitor. This Is a 
precautionary measure to prevent the arcing and burning of the starting relay contacts. To 
wire a starting capacitor into the circuit see figure 2-29. wnweis. lo 
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Fig 2-29. Starting capacitor In circuit. 
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RUNNING CAPACITORS are In the operating circuit continuously . They are normally of 
the oll-nnefl type, ine MFD rating of these capacitors is relatively low» even though they 
are larger In size than the starting capacitor. They also provide enough torque to start the 
permanent split capacitor (PSC) type motors. Running capacitors are provided with a terminal 
marked with a red dot. Because of the relatively high voltage generated In the starting 
winding, the unmarked terminal Is connected to the starting terminal on the motor* The red 
dot indicates the terminal that Is most likely to short out In case of a capacitor breakdown. 
If the terminal with the red dot Is connected to the motor starting terminal • damage to the 
winding could result* Capacitors that are determined to be out of range by plus or minus 10 
percent of the mfd rating must be replaced. Againt the voltage rating must be equal to or 
greater than the one being replaced. Higher than normal running amperage usually Indicates a 
weak capacitor. Refer to figure 2-30 to wire a running capacitor -nto the circuit. 



STARTING RELAYS are the device used to remove the starting circuit from operation when 
the motor reaches approximately 75 percent of Its normal running speed. Its function Is 
basically the same as the centrifugal switch used In split-phase motors. The following are 
four types of starting relays In use today: 

* Amperage (current) relay. 

* Hot wire relay* 

* Solid state relay. 

* Potential (voltage) relay. 

The horsepower size and the design of the equipment regulates the type of starting relay to be 
used. 
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Fig 2-30. Wiring a running capacitor Into the circuit. 
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Fig 2-31. Amperage relay. 
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„ The AMPERAGE (CUR RENT) RELAY (fig 2-31) Is an electromagnetic type relay, which Is 
normally usea on i/z np units ana smaller. These relays are positional types and must be 
properly mounted for satisfactory operation. They must be sized for each motor horsepower and 
amperage rating. To check an amperage relay, turn off the electricity to the unit and remove 
the wire from the "S" terminal and touch It to the "L" terminal of the relay. Place an 
ammeter on the common wire to the compressor. Start the compressor and Immediately remove the 
5 wire from the "L" terminal. If the compressor continues to run and the amperage draw Is 
within the rating of the compressor, replace the relay. 

Caution: DO NOT allow the loose wire to come Into contact with anything or anyone 
so as to prevent electrical shock. 

An amperage relay that Is too large for a motor may not allow the relay contacts to 
close, thus leaving out the starting circuit. The motor will not start under these 
conditions. A relay that Is rated too small for a motor may keep the contacts closed at all 
times while electrical power Is applied, leaving the starting circuit engauged continuously. 
Damage to the starting circuit may occur under these conditions. A motor protec tor must be 
used with this type of relay. 

The HOT WIRE RELAY (fig 2-32) Is a form of current relay, but It does not operate 
with a electromagnetic coll. It Is designed to sense the heat produced by the flow of 
electrical current through a resistance wire. 
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Hg 2-32. Hot wire relay schematic. 



There are two sets of contacts In these relays, a set for starting and a set for 
running. To check these relays, turn off the electrical current and remove the wire from the 
"S" terminal on the relay and touch It to the "L" terminal on the relay. Place an ammeter on 
the common wire to the compressor. Start the compressor and Immediately remove the "S" wire 
from the "L" terminal. In order to prevent electrical shock, do not allow the loose end of 
the wire to touch anything or anyone. If the compressor continues to run and the amperage 
draw is within the rating of the compressor, replace the relay. If the compressor operates 
within the amperage ratlna Indicated by the manufacturer but still stops within one or two 
minutes, the overload portion of the relay Is defective. Replace the relay with one of the 
proper size for the horsepower and amperage rating of the compressor motor. 

A hot wire relay that Is too large for the motor will not remove the starting 
components for the circuit resulting In possible motor damage. One that Is rated too small 
will stop the motor with the overload after one or two minutes of operation. An additional 
overload Is not necessary when these relays are used as they are nonposltlonal relays. 

SOLID STATE RELAYS (f 1q 2-33) use a self-regulating conductive ceranic developed by 
Texas Instruments, inc., which Increases In electrical resistance as the compressor starts, 
thus quickly reducing the starting winding current flow to a mllllarapere level. The relay 
switches In approximately .35 second. This allows this type of relay to be applied to a 
refrigerator compressor without being tailored to each particular system within the 
specialized current limitations. These relays will start virtually all split-phase 115-volt 
hermetic compressors up to 1/3 hp. An overload must be used with these relays. Since these 
relays are push-on type devices, the easiest methods of checking their operation Is to simply 
Install a new one. Be sure to check the amperage draw of the compressor motor. 
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Fig 2-33. Solid state relay schematic. 



POTENTIAL RELAYS operate on the rilcrtromagnetlc principle. They Incorporate a coll 
of very fine wire wound around a core. These starting relays are used on motors of almost any 
size. They are nonposltlonal. The contacts are normally closed and are caused to open when a 
plunger Is pulled Into the relay coll. These relays have three connections to the Inside In 
order for the relay to perform Its function. These terminals are numbered 1, 2, and 5. Other 
terminals numbered 4 and 6 are sometimes used as auxiliary terminals. To check a potential 
relay, turn off the electrical current and remove the wire from terminal #2 on the relay and 
touch It to terminal #1 on the relay. Place an ammeter on the cownon wire to the motor. 
Start the motor and Immediately remove the #2 wire from the #1 terminal on the relay. 

Caution ; Here again, as mentioned earlier, DO WOT allow the loose wire to touch 
anything or anyone so as to prevent electrical shock. 

If the compressor continues to run and the amperage draw Is within the rating of the 
compressor, replace the relay. 

The sizing of potential relays Is not as critical as with the amperage and hot wire 
relays. A good way to determine what relay Is required Is to manually start the motor and 
check the voltage between the start and common terminals while the motor Is operating at full 
speed. Multiply the voltage obtained by .75 and this will be the pick-up voltage of the 
required relay. 

A starting relay that Is mounted so that It vibrates will cause the contacts to arc 
excessively and become burned. When a relay Is mounted on such a surface. It must be 
remounted on a more solid surface. Generally, the relay will need to be replaced during the 
process. Be sure to replace the relay with the proper type and size. If It Is a positional 
relay, It must be mounted to satisfy the manufacturer's recommendations. 

The purpose of a MOTOR STARTER or CONTACTOR Is to provide the switching action of 
the hlah current and voltage required by a compressor. This Is done by a signal given by the 
control circuit on demand from the thermostat or temperature controller. These are 
electromagnet leal ly operated devices. 

A burned coll will prevent the operation of starters and contactors because there will 
be no electromagnetic field to operate the device. 

To check for a burned coll, first you must turn off the power supply to the unit. 
Then remove the electric wiring from"EKr"term1nals of the coll. Zero the ohmmeter and check 
the continuity of the coll. The meter should reflect no continuity If the coll Is open. On 
numerous occasions you may find colls that are discolored, indicating that they have been 
overheated. 

Permanent damage to the motor or compressor may result from a sticking motor starter 
or contactor. A starter or contactor that sticks may prevent the motor from starting or may 
keep It running when there Is no demand for It. When sticking occurs during the Initial 
start-up. It will usually buzz and either prevent starting or cause a delayed starting of the 
motor. In the event that the contactor or starter sticks closed, the compressor or motor will 
never stop. There are several types of sprays available that may be used to lubricate these 
troublesome and dangerous controls. However, It Is generally recommended that devices which 
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fall Into this category should be replaced. 



Burned starter or contactor controls may cause permanent damage to the motor windings 
by preventing the proper flow of current through them. These contacts will be severely pitted 
and will not make good contact, thus causing a higher than normal current draw. 

These contacts may be lightly filed until the mating surfaces match. Refer to figure 
2-31 for the right and wrong mating surfaces. However, damaged contacts should be replaced as 
soon as possible because they will burn and become pitted again In a very short time. 



HZ 

Small mating 
lurfMt 

(a) Wrong 



Fig 2-34. Proper contact mating. 



There may be occasions when these contacts become so bad that they will not make 
contact at all. You may determine this by energizing the starter or contactor and checking 
across the contact points with a voltmeter. If the contacts are open, tM applied voltage 
will be Indicated. In the event that the contacts are closed, there will be no indication of 
the applied voltage. 

The compressor, as you should already know. Is a component In the system used to 
circulate the refrigerant through the system. It basically has two functions: (1) It draws 
refrigerant vapor from the evaporator and lowers the pressure of the refrigerant InlHe 
evaporator to the desired evaporating temperature } {z) it raises the pressure offfie 
refrigerant vapor in the condenser nigh enough so that tne saturation tempera turTTs higher 
than the temperature of the cooling medium used to cool the condenser and condense the 
refrigerant . 

The compressors In use todu^ by the Marine Corps are usually of the hermetic and 
semlhermetic , and open types. Therefore, the problems encountered could be electrical, 
mechanical, or a coiSErrnatlon of the two. 

The problems encountered In the electrical circuit of a compressor may be divided Into 
the following classifications: open windingS t shorted windings , or grounded winding . An 
accurate ohrameter is needed to cnecK for these conditions. 

The following checks are good for any type of electric motor: 

• OPEN COMPRESSOR MOTOR WINDINGS - This will occur upon the path of electrical 
current being interrupted. This Interruption occurs when the Insulation wire becomes bad, 
allowing the wire to overheat and burn apart. To check for an open winding, remove all 
external wiring from the motor terminals. With the aid of an accurate ohmmeter, check the 
continuity from one terminal to another terminal. Be sure to zero the ohmmeter. The open 
winding will be Indicated by an ' Infinity* resistance reading on the ohmmeter. There should 
be no continuity from any terminal to the motor case. 

• SHORTED C0^1PRESS0R MOTOR WINDINGS - This condition will occur when the Insulation 
or windings becomes bad and allows a shorted condition (two wires to touch) to exist, which 
allows the electrical current to bypass part of the winding. In some cases, depending on how 
much of the winding Is bypassed, the motor may continue to function but will draw an excessive 
amount of amperage. To check for a shorted winding, remove all external wiring from the motor 
terminals. Use a ohmmeter, be sure to zero the meter, to check the continuity from one 
terminal to another. The shorted winding will be Indicated by a less than normal resistance. 
In some cases. It will be necessary to consult the manufacturer's data for a particular motor 
to determine the correct resistance requirements. There should be no continuity from any 
terminal to the motor case. 

• GROUNDED COMPRESSOR MOTOR WINDINGS - Grounding windings will occur as the 
Insulation on the winding breaks down and the winding becomes shorted to the housing. In this 
Instance, the motor will rarely. If ever, run and will Immediately blow fuses or trip the 
circuit breaker. To check for this malfunction, remove all external wiring from the motor 
terminals. Using a zeroed ohmmeter, check the continuity from each terminal to the motor 
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case. This condition will be Indicated by a low resistance reading on the meter. You may 
find It necessary to remove some paint from the motor case so that an accurate reading may be 
obtained. 

When working with hermetic or semlhermetic compressor motors* you will be required to 
determine the COMHON. RUN « and START terminals of a compressor. This Is a relatively 
simple process. 

First, be sure to remove all external wiring from the compressor so that no false 
readings are Indicated. Draw the terminal configuration on a piece of paper. Then measure 
the resistance between each terminal with an ohmmeter. Be sure that you have zeroed your 
meter. Now» record the resistance found on the diagram. Apply the following formula: the 
least resistance Indicated Is between the run and common terminals; the medium resistance 
Indicated Is between the common and start terminals; the largest resistance Indicated Is 
between the start and run terminals. The compressor may now be properly wired. 

If In the event that you are on a maintenance call and the complaint leads you to 
suspect that the malfunction Is electrical, you should: 

# Make sure the switch Is turned ON. 

# Check the fuses or breakers. If fuses are blown, replace them. If breakers are 
tripped, reset them. 

# If unit Is equipped with wall plugs and the checks In the previous steps do not 
solve the problem, check and see If It Is making proper contact In the wall. If It Is not, 
repair or replace the plug. 

9 Check the name plate for proper voltage, frequency. If your electrical supply 
does not agree with the name plate, change the motor. 

^ Check the motor starting with a voltmeter. If the voltage drop Is more than 10 
percent, you should either decrease the line load or Install a larger line. 

# Check the voltage at the line and motor terminals. If you have voltage at the 
line terminals, but not at the motor terminals, the starting relay may be defective. To 
correct this, clean the contact points or replace the relay. 

# Check the capacitor for ground or open by running a continuity test. If It Is 
defective, replace the capacitor. 

# Check the motor for open or ground by running a continuity check. If the motor Is 
open or grounded, replace It. 

On numerous occasions the wires between the controls and the motors will get broken or 
the Insulation will break down and cause shorts. Before replacing the controls, run a 
continuity test on the Internal wiring to Insure that all the circuits are complete. Check 
all connections and Insure that they are clean and tight. A thorough and systematic check of 
an the wiring and electrical controls will often solve many of your problems with 
refrigeration equipment. 



EXERCISE Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. What type of meter would you use to check for Improper power? 



2. If the circuit breaker trips and will not stay reset, what type of trouble would 
you suspect? 
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3. What are the five most common electrical problems found In a refrigeration system? 
a. 

b. 

c. 

d. 

e. - 

4. What Is the first step to be taken If an electrical problem Is suspected? 



5. Indicate the sequence of trouble-shooting an open circuit by numbering the steps 
listed below. Place the numbers 1 thru 6 In the space provided. 

a. Perform an operation check. 

b. Perform a visual check. 

c. Select meter. 

d. Analyze the trouble. 

e. Take meter readings. 

f . Check wiring diagram. 

6. List the types of short circuits. 

a. 

b. 

c. 

d. 

7. List three steps In locating a short circuit In an electrical system. 

a. ; 

b. 

c. 

8. A short where the conductors have become fused together Is called a ^ 

short. ' 

9. The most difficult short to locate Is a ^short. 
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Rtfer to the schematic to solve the followlns questions (10 through n). The 
Indications are as follows: The trouble buzzer Is operating. The amnetor reads 
shown ol'the^drawlSs **** circuit. Your ohtmieter readings are as 




■0 0 0 0 0 0- 

1+ 5 4 9 6 2- 



10. What type of trouble Is Indicated? 



11. Where Is the trouble located? 



12. What Information will you require from the components that you are replacing? 

13. Why should you prepare a sketch of the component being replaced? 



14. What Is the last thing you should do before leaving the repair job? 



15. Why should electrical terminals be tight? 



16. What conductor In an electrical circuit should be disconnected last? 

{h^^f:^loi1n?^s^??o5^(i7•?h^5:g!^^^ "^''^ ^""^^ 
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17* A tlMPtt-fMM wtor hM ktiii optratlnt nennlly In tlit ptit* but Mtim you try to 
•lart U mil ttai tkt Mtor Imm but will not start untfor • load. 



a. Troubitt 

b. NMart _ 



M. A Mtor bai bM« OMratliig nonaally but luddanly itopi untfor a leadi tbart 1i no 
iMHeatlOR of o» ii i n atlw9 of tbt Mtor. 



a. Troublot 

b. Mttori _ 



It. A Mtor tbat baa boon oporatlng starts to sMkt and ovarboat. 

a. Troubiti 

b. Motor; 



to. A Mtor oporatoa ilunlsbly, tonds to stall undor load, ovortitats. and tht Mtor 
tborMl 



itortor tborMl rolay Ktlvatos. 

a. Troubiti 

b. Notori 



Hrk Holt 2-4. nmm im mm 



ftm m mcnwES iicissmiy to octot mnconooisaiu oases. 

nxn TMi nocoiKS nbissmy to kmve mii c ohki is am oases from a system. 

At MS staitotf F*v4Ms1y, MMC M dMia h lo gasos aro tboM substancts tbat roMln In a 
HaoMi tttto tftor tho rtfrlflorool nil lipfflU. Tboso gasM aro isually a cooblnatlon of 
OMfM, altrofM, by iroMw, Mtor vapor. cblorlM. and oil vapors. Tboso gasts colloct In 
Miot opocM of tbo coMOMor, ridu c s tbo rata of bMt transfor, and cut doun on tht 
•ff icloMy tf tbo 



TiMM noMontfOMObIt 90SM Mtor tbo systM In sovoral Mys. Tboy could bt In tht 
rtf^ffOTMit 4rm uood for ebora lof tbo aystMt tbrouflb looks ubM tbt systM Is undr* a 
vicuMt bo tbo cokM Of IncoMloto ovocMtiM boforo cbarglngt or tboy could rtsult frM 
docf MitiM of tbo oil or ffoa cbMleal rooetiM wltbln tbo systM. 

Air Is eoMMorod a noMOodOMOblt undor tbo prmsurM and toi^aturts norMlly 
MCOMtroJ In w alr-MiidltlMino or rofrlgoratlM systM. Air can mtor tbo systM In tht 
soM Mtyt M Mro llttod provloMly. 

la aoM eaoM, It My not bo proetlcal or dMirabIt to purgo tbo eo^plttt rtfrlgtrant 
cborft and ovacaott tbo systM. HoMvor, tbo air Mst bo roMvod to provMt daaagt to tht 
ayttM dM ta cbMkol raoetiM and to balp kaap iHTTRwopiFitlns off Iclmtly. 

TIM air alii aorMlly bo trappad la tba top of tbo roMlvor and tbo condMStr bocaust 
•f tbo llfuM OMi at tbe roMlMr or c oadM i ar oatlot. Air, In tbo systM. aay bo dtttctod 
bar a bMMr tbM ootmI coadOMlaa prMsara caasod by tba trapped air. Tbo oMunt of Irctmso 
la prasaara will ba dotanilaod by tba OMuat of trappad air. 



If tlMra It Miy ralatlvaly dry air la a raflrlaaratiM systoa. It Is lass haraful than 
Mitt air, bat la titbor com mm mv raoet «1tb oil or mUIs to produce sludoo. Mtal 
mMm. ate. Tba saM applloa If dry altrapM or dry corbM diexido bu boM ustd to prtssurt 
tout a ayatM aad bM ak baM coivlataly roMMd. Houavor, Mistura ladM air In tbe systM 



fadkatea that H mo opaaad fir repair or c f onse t roplscMs nt and ms not evacuated 
propaiiy. Hmar avacaatiM it abMlataly aeootaary to altalMte both air and Misturt. 

SpoM la tka eeadaaaer acMplad by tba air or otber aoncendonsoblts Is not aval labia 
for tba proper faaettaa af tbat ca^eaoat, and cm affect bMt roMval frM tbe superheated 
ttoa af tba tataratad vapor. A redactiM of tbe hMt transfer arM In tbt 
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cond«n«tr will wkt • flrtatyr twnptratgrt diffaranct bttween tht cooling nwdlum and the 
condawlnfl rafrlflarant'HRmarylo parnlt ramoval of tha raqulrad amount^ haat fro! tha 
Kid p?i;J!wa. • ' tamparaturai, thara will Sa a corraipondln! inerlaJa i! 

*i. - quaitlon now 1i hw to datarnlna If thara 1i a noneondaniabla gai lueh as air fn 

Jh2 ViJ^l,* ^*Jr S* *•?»•:•*"•'• of tha rafrlgarant In tha SSndaSar ihould ba 

tha SMW as tha air surrounding It. Tharafora, tha eomprassor must ba shut off (If It Is In 
operation) and tha rafrlgarant allowed to give up Its heat to the surrounding air. This 
K;*I'Jn?" ^* "ntrols Sd opJJHe tE; eondlnser 
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Fig 2-35. Refrigerant table. 



The difference in pressure within the condenser should not be more than 5 oslg from 
B loPi!'!!!!!* coi^^'Pon^'na to the temperature of the refrigerant being used. Assuming that 
R-12 is the refrigerant and that the anbient temperature (and that of the refrigerant in the 
condenser) is 950f, the Refrigerant Table in figure 2-32 shows a corresponding pressure of 
122 Therefore, the pressure within the condenser-as indicated on the gauge"should be 

bS pSied froi!°thrSI!i{ . P*'^' the air or nongondensables must 

Host snail condensers do not have purge valves at the top, so the purging must be done 
i^i!TSl]i'!51!!Ii5'*S!'**'i' "»«»nts of time elapsing between the brief periods of purging. 
This will permit the air or noncondensable gas to collect at the high point, which imVi U 

S^22«ff^M2 lo iv22''.*!lI!;J"?l!u'***2u''®,P"''8«5 "'^^out losing too much refrigerant. It 
1$ Impossible to purge a system without the loss of some refrigerant, since complete 
separation cannot be obtained. Purging should continue until the head pressure drops to the 
5I!!°K![-E°"K5°'^^"E°"'*'"8 to the temperature of the refrigerant. Purging of capillary tubes 

charge systems is not reconwended- only proper and compTete evacuation 
procedures should be followed. ^^^^^^^^ 

The following are seven steps for purging the unit of air and noncondensables: 
Step 1 Locate and remove the source of noncondensables. 
Step 2 Connect the gauges to the system. 
Setp 3 If possible, pump the system down. 

Step 4 Stop the unit. Leave the condenser fan running on air-cooled units or block 
v'l];* open on water-cooled units and leave the water pump running. 
Allow the unit to cool down for approximately ten minuteSo During this time, 
the noncondensables should rise to the top of the highest point. 
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step 5 If the units are equipped with purge valves » use them for the purging 

process. If not, the gauge port on the compressor discharge may be used. To 
purge, slowly open the purge valve. Allow the vapor to bleed off very slowly 
for only a snort period of time to prevent the boiling off of excess 
refrigerant and tne remixing of the air and refrlaerant and the purging of an 
excess of refrigerant. After the system has sat Idle for a few minutes, 
repeat the purging process. Repeat this process three or four times. 

Step 6 Start the system and check the pressure after a few minutes of operation. If 
the discharge pressure Is still abnormally high, repeat the purging process 
starting with step 4. Repeat steps 4, 5, and 6 until satisfactory operation 
Is obtained. 

Step 7 Place the system back Into normal operating condition. 

In the event that the unit you are working on Is equipped with an evaporative 
condenser, you should use the same procedures as previously discussed. The only difference is 
that the thermometer Is placed In the condenser coll so that the temperature is determined 
after the sprays have been turned off and the colls have dried thoroughly. 

The difference In the procedure for water-cooled condensers Is that the temperature 
should be obtained from the leaving water. The water Is permitted to flow until It has the 
same temperature as the refrigerant. The pressure/temperature check Is the same. Remember, 
the actual pressure should not be over 5 percent tnore than the pressure shown on the cnart. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. Define noncondensable gases. 



2. Air and noncondensables must be removed from a unit to 

^and 

3. The difference In pressure within the condenser should not be more than 

from the pressure corresponding to the temperature of the refrigerant being used. 

4. Assume that R-12 Is the refrigerant and that the ambient temperature Is 900F, 
with a corresponding pressure of 112 psig. Upon checking your 
pressure/temperature chart for R-12, you find that R-12 at 900F should exert a 
pressure of 99.6 psig. What should this tell you about the system? 



SUMMARY REVIEW 

In this study unit, you have learned the more common trouble-shooting procedures, the 
different types of procedures used to detect leaks, electrical testing procedures, and the 
procedures used to deternine the necessity of purging and how to purge the unit. 



EKLC 



2-40 rj >^ 



Answers to Study Unit #2 Exercises 



Work Unit 2-1. 

K a. Suction pressure 
b. Head pressure 

2. a. Suction pressure. The pressure gauge reading should correspond to a 

temperature approximately 10° F less than the temperature of a thermometer 
placed on the cooling colls, 
b. Head pressure. Add 30° F to the ambient air temperature for air-cooled 
condensers and 25° F to the temperature of the Inlet water on water-cooled 
condensers and obtain the head pressure from the pressure-temperature (P-T) 
chart. 

3. a. (1) Causes: low charge; obstructed liquid line; faulty motor control; or too 

little air passing over the evaporator. 
(2) Remedies: recharae system; clean screens valves, capillary tubes and 
joints; adjust motor control; clean filters or rearrange obstructions. 

b. (1) Causes: malfunction of the expansion valves; Inefficient conpressors; 

high heat load; high head pressure. 
(2) Remedies: repair or replace the expansion valve; repair or replace the 
compressors; Increase the size of the equipment. 

c. (1) Causes: low charge; Inefficient compressor, cooling medium too cool or 

too much. 

(2) Remedies: recharge the system; repair or replace the compressor; restrict 
the airflow through the condenser or warm the air between 70° to 100° 
F; Install condensers In a room that has a temperature of 70° to 100^ 
F; reduce the amount of cooling medium. 

d. (1) Causes: overcharge; noncondensable gases In the condenser; cooling medium 

to hot; restricted air flow or dirty condenser. 
(2) Remedies: purge the unit of excess gases and air and Install a new drier; 
provide plenty of ventilation or change expansion valve to one having a 
greater pressure drop and Increase the motor size; clean the condenser and 
water pipes. 

4. a. Hechanlcal seizure 

b. Noise 

c. Failure to pump properly 

d. Overheat Ina 

5. a. Natural oil traps In the system. 

b. Refrigerant f loodback to the compressor during operation due to a defective 
expansion valve or poor bulb location. 

c. Flooded start due to refrigerant accumulation In the compressor during 
shutdown. 

d. Refrigerant shortage, which causes oil trapping. The reason being a lack of 
sufficient mass flow of vapor. 

6. a. Overfeeding (flooding) 

b. Underfeeding (starving) 

c. Erratic (hunting) 

7. a. Shortage of refrigerant 

b. A pressure drop due to a restriction 



Work Unit 2-2. 

1. Poor workmanship 

2. a. Improper flaring 

b. Poorly soldered joints 

c. Poorly sweated joints 

d. Failure to tighten connections 

3. Positive methods give the exact location of the leaks, but the nonposltlve does 
not. 

4. Soap and oil bubble test 

5. Pressure and vacuum test 

6. A system employing the halogen family of refrigerant 
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Work Unit 2-3. 

K Voltmeter 

2. Short 

3. a. Improperly mede» 1oose» and dirty connections 

b. Defective relays 

c. Burned-out capacitors 

d. Burned-out motors 

e. Defective timers 

4. Check to see If the unit Is connected to electrical power and turned on. 

5. a. 4 

b. 2 

c. 5 

d. 1 

e. 6 

f. 3 

6. a. Shorted control 

b. Short to ground 

c. Short to phase 

d. Cross short 

7. a. Shut off power 

b. Isolate the circuit 

c. Take readings 

8. Solid 

9. Floating 

10. Open circuit 

IK The circuit should have a low resistance since It Is a solid wire. The Infinity 
reading Indicates that the circuit Is open between T1A and TIG. 

12. a. Name of component 

b. Number 

c. Series 

d. Model 

13. To assure proper terminal wiring replacement 

14. Perform an operation check. 

15. To reduce resistance and arcing 

16. Neutral or ground 

17. a. Open circuit 
b. Voltmeter 

18. a. Open circuit 
b. Voltmeter 

19. a. Short circuit 
b. Ohmmeter 

20. a. Improper power 
b. Voltmeter 



Work Unit 2-4. 

1. Substances that remain In a gaseous state after the refrigerant has liquefied 

2. prevent damage to the system to chemical reaction and to help keep the system 
operating efficiently 

3. 5 percent 

4. That the system requires purging 
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STUDY UNIT 3 



SERVICING REFRIGERATION SYSTEMS 

STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES. YOU WILL LEARN THE 
CONSTRUCTION AND USE OF SERVICE VALVES AND THE BAR GAUGE MANIFOLD, THE CORRECT 
PROCEDURES FOR INSTALLING THE BAR GAUGE MANIFOLD, THE PROCEDURES TO EVACUATE A 
SYSTEM, AND THE CORRECT PROCEDURES TO USE TO PUMP A SYSTEM DOWN. ALSO, YOU WILL 
LEARN THE CORRECT STEPS TO TAKE TO CHARGE A SYSTEM WITH REFRIGERANT. LASTLY. YOU 
WILL LEARN HOW TO REMOVE AND ADD REFRIGERANT OIL TO THE REFRIGERATION AND 
AIR-CONDITIONING SYSTEMS. 

Work Unit 3-1. BAR GAUGE MANIFOLD INSTALLATION AND USE 

LIST THE TWO MAIN CATEGORIES OF SERVICE VALVES ON THE COMPRESSOR* 

NAME THE PORTS OF A THREE-PORT, TWO-WAY VALVE. 

STATE WHAT SHOULD BE DONE TO A SERVICE VALVE THAT HAS A BAD SEAT OR FACE. 
STATE THE FUNCTION OF THE BAR GAUGE MANIFOLD. 

STATE THE STEPS NECESSARY TO INSTALL AND REMOVE THE BAR GAUGE MANIFOLD FROM THE 
SYSTEM. 



port, an 



SERVICES VALVES may be placed Into two main categories: one-way type and two-way 
tm. ine one-way type Is similar to the coninon water faucet valve, it has an Inlet pov 
outlet port, and a valve stem. The positions of the valve are either "closed* (no flow), 
"open" (full flow), or some setting between these two extremes. The two-way valve Is more 
complex. It has a third port. By manipulating the valve stem, you can divide the flow 
between these ports as necessary. Two-way valves are normally found on the compressor Inlets 
and outlets. 

• ONE-WAYt TWO-PORT VALVES - The valve body Itself Is usually composed of brass or 
copper alloys, ine vaive ports (fig 3-1) are known as Inlet and outlet ports, respectively. 
Depending upon valve location and Installation, either port of a one-way valve may be used for 
outlet or Inlet purposes. The purpose of a one-way valve Is to provide a manual shut off at 
various points In the system. By providing a manual shut off at the outlet of the receiver 
(King Valve), you can Isolate some components of the system for repair without evacuating the 
entire system. The applications of this of type valve are of great assistance, particularly 
In multiple Installations where considerable time would be required to "pump down" the unit. 
These valves allow repair, and/or replacement of one evaporator at a time without putting the 
entire system out of operation • 




/ >8t«i and f aoa \ Prolong gland nut 
Port ««wg 



Fig 3-1. Two port one-way valve. 

• TWO-WAY. THREE-PORT VALVES - Two-way valves have three ports and offer two 
possible routes or travel for the circulating fluid. Of the tnree ports (figs 3-2 and 3-3), 
only the gauge and line ports are controllable. The compressor port Is always open. These 
valves have two vaive seats. They are known as the "front seat' and "back seat" (f las 
3-2, 3-3, and 3-4). Note that the valve stem contains a two-sided face to accommodate these 
seats* The stem passes In front of the gauge port. The line port Is capable of handling more 
refrigerant than the gauge port because It Is not obstructed by the valve stem. 
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1. stem and face 4. Packing 

2. Back Seat 5. Packing gland nut 

3. Positioning threads 6. Cap 

Figure 3-2. Two-way* three port valve (back seated). 




1. Stem and face 4. Packing 

2. Front Seat 5. Packing gland nut 
3* Positioning threads 6. Cap 

Fig 3-3. Two-way» three-port valve (front seated)* 
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GAUGE PORT 




COMPRESSOR PORT 



1. Stem and face 4. 

2. Seat 5« 

3. Positioning threads 6. 



Packing 

Packing gland nut 
Cap 



Fig 3-4. Two-way, three-port valve (cracked position) • 

Host conventional systems have two valves of this type bolted to the compressor. The 
valve Is always connected to the compressor at the compressor port. The valve mounted on the 
compressor Inlet (low side) Is called the SUCTION SERVICE VALVE t The valve mounted on the 
compressor outlet (hiah-slde) Is called the DISCHABBE SERVICE VALVE , In construction, both 
valves are exactly alike, and are made of either brass or copper alloys. 



OPERATION (backseated) - During normal system operation the 
5 position tne aauge port Is " " " 



• THO-WAY VALVE NORHAL 

valves are " gACK5£AT£D ," in tms position tne gauge port Is closed and all of the 
refrigerant passes through the compressor and line ports (fig 3-2), In the backseated 
position the packing gland Is not subject to the operating pressures unless the stem or valve 
seat or face Is faulty. It Is recommended that the valve cap be replaced and tightened after 
each use. To backseat the valve, turn It counterclockwise as far as possible. 

• TWO-WAY VALVE (firont seated) - If the valve stem Is turned clockwise as far as 
It will go, tne line port win oe completely sealed off. In this position all of the 
refrigerant will flow through the compressor and gauge ports. This Is known as the 
"FRONTSEATED" position (see fig 3-3). 



(cracked position) - If the valve stem Is turned 1/8 to 1/4 of a 
turn away ftrom the DacKseat, the vaive is said to be " cracked off the backseat. " In this 
position some refrigerant will pass through the gauge port as well as the line and compressor 
ports. If you wish to read operating pressures a pressure gauge (or Bar Gauge Manifold) Is 
connected to the gauoe port, and the valve Is placed In the "cracked off the backseat* 
position (See flo 3-4). If the valve stem Is turned 1/8 to 1/4 of a turn away from the front 
seat, the valve Is said to be " cracked off the front seat." In this position most of the 
refrigerant will pass through the gauge ana compressor ports. Some refrigerant will also 
bleed through the line port. 
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Table 3*1. Positions of Valve Stew and Seat 



Position of valve stem 



Compressor 
Port 



Gauge 
Port 



Line 
Port 



Front Seat 



Opened 



Opened 



Closed 



Back seat 



Opened 



Closed 



Opened 



Cracked 



Opened 



Opened 



Opened 



Service valves on commercial Installations must be kept In very good condition because 
they are used much more frequently than those used on domestic units. Three things may be 
noted which will assure good service and valve life: 

# Fitting the wrench to the valve stem. 

# Maintaining the packing so that the service valve will not leak. 

# Oil the threads of the gauge connection each time gauges are used. 

Occasionally, after a certain period of use, these service valves have to be replaced. After 
gauges have been mounted In the gauge opening of the valve a number of times, the pipe threads 
In the valve gauge openings become worn and leak at this point* If the fittings Inserted In 
these gauge openings are given a thin coat of solder, this trouble will be eliminated. 

One of the most frequent valve troubles Is the breaking of the valve stem because of 
the stem sticking In the valve body. Most valves are made with a drop-forged brass body and a 
steel valve stem. If one will heat the service valve with a torch, the difference In 
expansion qualities of the two metals will loosen the stem from the body and make It easy to 
turn. If one does this and at the same time taps the valve stem lightly with a hammer, there 
will be no difficulty In turning the valve stem. 

If the gauge plug Is "frozen" In the service valve. It can be loosened easily by first 
heating the outside of the service valve body with a flame from a torch. This heating will 
cause the body to expand and will weaken the body thread grip on the plug. The wrench can 
then be used to loosen the plug* 

Packing Is used to prevent leakage around the stem. The stem opening should be 
checked periodically for leaks* These leaks can usually be remedied by exerting more pressure 
on the packing by tightening the packing nut. 

A leaky valve could be caused by a faulty seat. Since the seat is nearly always cast 
as part of the valve, the valve must be replaced if the seat is faulty. You will find in some 
of the larger more expensive valves many have replaceable seats. 

The GAUGE MANIFOLD is probably the most important tool in the technician's toolbox. 
The purpose or tne Bar sauge Manifold is to allow tne service technician to observe operating 
pressure from both the high side and the low side of the refrigeration system at the same 
time* It enables the technician to check the system's operating pressures, add or remove 
refrigerant, add or remove refrigerant oil, purge noncondensables, by-pass the compressor, 
analyze system conditions, and perform many other operations without replacing gauges or 
trying to operate service connection in inaccessible places. 

The manifold is very simple in construction. It is made up of a hollow brass or 
copper bar with three openings, one at either end and one in the middle* The center opening 
(port), known as the charge port is equipped with a removable cap. The end ports are fitted 
with one-way valves, called HANIFOLD VALVES . Vfhen these valves are open, refrigerant can 
pass through them and the pressure gauges (upon proper installation) will indicate the 
pressure of the refrigerant. When the manifold valves are closed, the flow of refrigerant is 
stopped, but the gauges will still operate correctly. A drilled passage in the valve body 
always allows the gauges to indicate the pressures in the system. REMEMBER , when the bar 
gauge manifold is correctly installed, the gauges will indicate pressure whether the manifold 
valves are open or closed. 

The GAUGE HANIFOLD SET (fig 3-5) consists of a compound gauge , a pressure gauge > and 
a manifold tnat is equipped with hand valves to isolate the different connections or to allow 
tneir use in any combination as may be required. 
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POSITION 



^ OPCN POSITION 

LOW SIDE m%l LINE NISH SIDE 

Fig 3-5. Gauge manifold. 



J * P^**^^ ^^'^ connections are connected so that the gauges v#111 

indicate the pressure when connected to a pressure source. Flexible, leak-proof hoses are 
used to make the connections from the gauge manifold to the system. 

One of the most common service functions Is hooking the gauges to the system. It Is 
very Important to Install a bar gauge manifold In a system carefully and correctly. If the 
bar gauge manifold Is Installed carelessly, contaminants may enter the refrigeration system 
and/or leaks may occur j care should be taken to prevent contaminants from entering the 
5Jf^^2!?:.i^® ^^!" ^^^y\^ allowing a small amount of refrigerant to escape from 

the fittings before tightening. The specific procedures for connecting the gauges to a system 
containing refrigerant are discussed below. ^ 

On a system where It Is certain that both pressures are above 0 psig (pounds oer 
square inch gauge), use the following procedures: r ^ r k 

• Front-seat the valves on the gauge manifold. 

• Back-seat the system service valves (suction and discharge valves). This Is to 
Isolate the gauge ports from the rest of the system. 

• Make the hose connections to the system. Connect the pressure gauge line from the 
bar gauge manifold to the discharge service valve gauge port. Tighten the hose connection. 
Connect the compound gauge line from the bar gauge manifold to the suction service valve gauge 
port. Leave this hose connection loose. Make sure the center charge port on the bar gauge 
manifold Is capped tightly. 



• Crack the system service valve off the back seat« 
sudden In rush of high pressure gas to the gauge. 



Do this slowly to prevent a 



• Crack open one valve on the gauge manifold and allow a small amount of refrigerant 
vapor to escape out the center hose for a few seconds. Close the gauge manifold valve and 
repeat this process with the other valve. ^ ^ ^ i tuitc onu 

# sauge manifold Is now connected to the system and Is ready for use 

(see fig 3-6) . 
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Fig 3-6. Gauge manifold connected to a system. 



On systems where the low side pressure Is below 0 psig, use the following procedures: 
9 Front-seat the valves on the gauge manifold. 

* Back-seat the system service valves (suction and discharge valves). This Is to 
isolate the gauge ports from the rest of the system. 

* Hake the hose connections to the system. Tighten the hose connection to the 
discharge service valve* loosen the hose connection to the suction service valve, and plug the 
center hose connection to prevent the escape of refrigerant at this point. 

* Crack the system discharge service valve off the back seat. Do this slowly to 
prevent a sudden In-rush of high pressure gas to the gage. 

* Crack open the high side gauge manifold valve and allow a small amount of 
refrigerant vapor to escape out the low side hose connection at the system service valve. 
Tighten the hose connection after a few seconds. Close the gauge manifold valve. 

* Crack the system suction service valve off the back seat. 

* The gauge manifold Is now connected to the system and Is ready for use 
(see fig 3-6). 

It Is also Important to exercise caution when removing a Bar Gauge Manifold. Proper 
removal will Insure a minimum loss of refrigerant, and reduce the possibility of getting air 
In the system. 

* Back-seat the discharge service valve* 

* Back the compound gauge valve off the seat two complete turns. 

* Make sure the unit Is running (If possible). 

* Crack the pressure gauge valve off seat very slowly, allowing the discharge 
pressure In the gauge lines to bleed Into the low side of the compressor. 

* Backseat the suction service valve. 

* Remove the Bar Gauge Manifold, Install gauge port caps, and valve covers. 

The following are typical procedures that can be followed using the bar gauge 
manifold. It Is highly recommended that you consult the manufacturer's literature or the 
appropriate technical publications for any specific Information. 
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0 TO OBSERVE OPERATING PRESSURES 
prefer to fig . 

^ Back-seat service valves c and d. 

9 Close manifold valves a and b. 

# Connect color coded hoses as shown. 

# Move services valves c and d off the 
backseat. "* 

# Purge hoses at manifold. 

^ Start unit and allow to run at 
least five minutes. 

# Read operating pressures or 
corresponding temp'^ratures on gauges. 

0 TO PIIR6E REFRIGERANT FROM SYSTEM 
irefer to fig 3-5). 

# Be sure the system Is turned off. 
^ Close manifold valves a and b. 

^ Connect color coded hoses as shown. 

^ Service valves c and d should be 
open but not back -sealed. 

# Slowly open manlfoid valves a and b. 
9 Purge through center port. 

# Vftien gauges read 0 lbs. pressure, 
purging operation Is complete. 

TO ADD VAPOR REFRIGERANT THROUGH SUCTION 
SERVICE VALV E trefer to 3- 7 1, 

Close manifold valves a and b and turn 
system off. * 

Back-seat service valves c and d. 

Connect color coded hoses as shown. 

Open refrigerant cylinder valve r and 
manifold valves a and b. Purge Foses 
at service valve? c ani d. 

Close manifold valves c and d. 

Move high side service valve d off 
back-seat. 

Open low side service valve c 
about half way. " 

Start unit. 

Meter In correct amount of 
refrigerant by opening and closing 
low side manifold valve a. 




HIOH 

IS 



Fig 3-6. 




Fig 3-7. 
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TO EVACUATE MID Yff OR CHARGE A SYSTEM 

(If system is running) (refer to i'-B) * 

Observe operatlna pressure using 
procedures described previously, 

Turr system off* 

Purge system using procedures 
previously described* 

TO EVACUATE THE SYSTEM* 



Close manifold valves a and b* 

Connect color coded hoses as shown 

Be sure the service valves c and d 
are open but not backseatedT 

The refrigerant cylinder valve r 
should be closed. 

Open manifold valves a and b* 

Open vacuum pump valve v and 
start vacuum pump* 

WHEN DESIRED VACUUM IS REACHED* 



Close manifold valves a and b* 
Close vacuum pump valve v. 
Stop vacuum pump* 
TO BREAK THE VACUUM AND CHARGE* 



Open refrigerant cylinder valve r* 

Low service valve c should be 
about half way open. 

Start refrigeration unit. 

Meter In correct amount of 
refrigerant by opening and 
closing low side manifold valve a. 



TO CHARGE OIL THROUGH SUCTION SERVICE 
VM.YE (refer to fig 3^ )* 



Close manifold valves a and b* 

Make sure unit Is turned off* 

Connect color coded hoses as shown. 

Oil container should be filled 
with enough oil to fill the 
compressor plus enough to Insure 
that the hose opening remains 
Immersed* 

Open refrigerant cylinder valve r* 
Open manifold valves a and b. 




Fig 3-8* 




Fig 3-9* 
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• Purge air at low side service 
valve c and at oil reservoir, 

A Close manifold valves a and b. 

• Close refrigerant cylinder valve r, 
A Ftront seat low side service valve c. 

• Start unit and allow to run to 
build up low side vacuum. 

Caution; Hermetic type compressors 
should not be operated over 
18" hg vacuum to avoid 
possible damage to motor 
windings. 

• Turn off unit, 

• Meter In correct amount of dry 
refrigerant grade compressor 
oil, by opening and closing 
low side manifold valve a. 

TO TEST CONDITION OF COMPRESSOR 
(reed) VALVES , 

HIGH SIDE (refer to fig 3-10). 

9 Be sure system Is not operating. 

9 Close manifold valV' s a and b. 

• Purge all refrigerant from 
system and/or compressor. 

• Connect color coded hoses as shown, 

• Frontseat service valves c and d. 

• Open high side manifold valve b 
and apply pressure to compressor 
discharge valve. 

^ Read and record pressures. 

^ Close manifold valve b. 

• Walt several minutes. 

• Reread high side pressure. If 
valves are good , readings will 
not change appreciably. 
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Fig 3-10. 
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Fig 3-13. Coi^>ound gaug«. 




Fig 3-14. Pressurt gauge. 



PRESSURE 6AWES (flo 3-14) art used to determine pressures on the high side of the 
system, nie ogtiide scale Is calibrated In psig and the Inside scales Indicate the 
corresponding teaipfratures of the different types of refrigerant. Some pressure gauges are 
not deslontd to operate at pressures belOM atmospheric pressure. Therefore • caution should be 
used during evacuation procedures to prevent damage to these gauges. 




Fig 3-15. Valve manifold. 



The ¥M,YE IIMIIFOLD (fig 3'^ 15) provides openings through which the various service 
operations are perrorMTon the reflrlgeratlon system. The proper manipulation of the hand 
valves trill ptriilt almost any function. When the valves are screwed all the way In, the 
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gauges will Indicate the pressure on the corresponding line. The center line Is usually 
connected to a vacuum pump » a relYlgerant cylinder , or an oil container . 




Fig 3-16, Charging hoses. 



CHARGING HOSES (fig 3-16) are flexible and are used to connect the gauge manifold to 
^"5 system. Charging hoses are equipped with 1/4-Inch (6,5 mm) flare connections on each 
end. One end usually has a valve core depressing attachment for attaching the gauges to 
schrader valves. This Is a type of service valve which Is used on systems not provided with a 
means of servicing. Charging hoses may be obtained In a variety of colors which facilitate 
making the connections to the unit and are designed for a working pressure of 500 psi (35,15 
kg/cmZ) and an average bursting pressure of 2000 psi (140,6 kg/cm?). Many equipment 
manufacturers color code the low-side gauge casing and hose blue and the high-side gauge and 
hose red. The center or refrigerant hose Is colored white , "TRTs system Is very helpful 
to avoid crossing hoses and damaging gauges, ~~ 

These gauaes are delicate Instruments and should be treated with care. Do not drop 
the gauges or subject them to pressures higher than the maximum pressure shown on the scale. 
Gauges should be kept In adjustment so that the proper pressures are Indicated, 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit, 

1, Identify the two types of service valves on compressors, 

a, 



b. 



2, What three ports are found on the three-port, two-way valve? 



b. 



c. 



3, What should you do to a service valve that has a defective seat or face? 



4, State the purpose of the Bar Gauge Manifold, 



5, When Installing the Bar Gauge Manifold, what should be accomplished to prevent 
contaminants f^om entering the system? 
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6. What Is the first step to be performed when connecting the Bar Gauge Manifold to 
observe operating pressures? 



Work Unit 3-2. SYSTEM EVACUATION PROCEDURES 

STATE THE PURPOSE FOR EVACUATION OF A REFRIGERATION SYSTEM OR UNIT. 

NAME TVO METHODS USED TO EVACUATE A REFRIGERATION SYSTEM OR UNIT. 

DIFFERENTIATE BETHEEN THE TWO METHODS OF EVACUATION. 

Proper evacuation of a system or unit will remove noncondensables (mainly air, 
moisture and Inert gas) and assure a tiaht, dry system before charging. Evacuation Is 
accomplished by the use of pumps specially designed for this purpose. A discarded 
refrigeration compressor Is not suitable. Once the system or unit has been evacuated, NEVER 
run the motor compressor, to do so may result In very serious damage to the motor windings. 
Evacuation Is required any time a system has been contaminated or the compressor or system has 
been exposed to the atmosphere for long periods of time. 

Purging a system will remove a good portion of the air, and driers will remove a part 
of any moisture from the system, but only up to the capacity of the drier. Therefore, there 
are still contaminants left In the system, and evacuation Is the best means of being 
reasonably sure that the system Is free of these contaminants. 

Newly Installed systems and existing systems that have become contaminated with 
moisture, dirt, or foreign gases must be evacuated before they will perform properly. In 
existing systems, the refrigerant's characteristics will change, and It cannot meet the 
necessary temperatures and pressures for efficient cooling. When this happens, you must 
evacuate the system. 

Under normal atmospheric pressures, water bolls at 212^ F, but If the pressure Is 
reduced to about 2.2 Inches Hg It will boll and vaporize at about 100^ F. If the pressure 
Is further reduced, the moisture will vaporize at even lower temperatures. You need a high 
vacuum (or a deep vacuum pump) to evacuate the system low enough to remove as much of the 
contaminants as mechanically possible. By using an ordinary compressor such as a vacuum pump, 
you can only pull enough vacuum to rid a system of water. The two most conmon vacuum pumps In 
the field today are the SINGLE-STAGE and the TWO-STAGE . The single-stage pump Is normally 
used with the triple method or evacuation, and the two^stage pump 1s used to evacuate by the 
deep vacuum method. Pumps are rated on two characteristics; (1) the blank -off pressure, or 
the vacuum level the pump can achieve, and (2) the speed with which It can pump the system 
down. There are two designs of pumps: the piston (or vapor) pump and the vane (or rotary) 
pump. The rotary-type pump Is by far the more efficient of the two pumps. 

The rotary type consists of a cylinder with an enclosed eccentric disk. Moveable 
vanes run through the disk and seat against the cylinder. These vanes create suction as they 
move past the Intake valve, thus exhausting the gas. The better rotary pumps are two-stage or 
two rotary units In series. The first stage takes the air from the low pressure of the 
refrigeration system and exhausts It to a higher pressure environment. The second stage sucks 
In the exhaust gas and exhausts It Into the atmosphere. Much lower vacuums can be pulled with 
a two-stage pump over a single stage. 

During the evacuating procedure the water vapor and the pump oil come In contact with 
each other. The oil will absorb the water vapor until the vapor pressure of the water In the 
oil Is so high that the pump cannot maintain a high vacuum. The oil In small vacuum pumps 
should be changed after approximately 10 hours of operation. Oil that contains a large amount 
of absorbed moisture loses Its lubricating properties. A large number of vacuum pumps are 
damaged each year because of the oil not being changed often enough. 

When you evacuate a large system or use the vacuum pump In the shop under continuous 
conditions, a cold trap between the refrigeration system and the vacuum pump will keep the 
water vapor from contacting the pump oil. As the moisture vapor contacts the cold service. It 
will turn to Ice. We then simply close valves on both sides of the trap, unbolt It, and 
remove the Ice. 
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There are basically two evacuation procedures; (1) DEEP VACUUH METHOD, and (2) 
TRIPLE EVACUATION . Deep vacuum evacuation ii used on systems containing only a minimum of 
contaminants. Triple evacuation Is used on .ystems containing a areater amount of 
contaminants. Remember that the most careful evacuating and purging will not clean a system 
or unit that was carelessly put together with dirt In the system. 

A system opened for any type of repair must be completely evacuated to remove air and 
moisture. As previously stated, two main methods are used, the deep vacuum and triple 
evacuation methods. 

In the first (deep vacuum), a vacuum of 500 microns (.5 millimeter) or deeper Is 
pumped on the system until no moisture or other gas remains In the system. 

In the second (triple evacuation), a vacuum of 28" Hg or 50mm Is drawn, the system Is 
charged to 0 psi with vapor refrigerant. A vacuum of 28" Hg Is drawn again. Once more, the 
system Is charged to 0 psi with vapor refrigerant and again a vacuum of 28" Hg Is drawn. At 
this point the system Is ready for charging. 

R'-22 has & higher discharge pressure and temperature than R-12. Dirt, sludge, 
moisture and air must be removed from the system In order to avoid any possibility of burnouts 
where R-22 Is used. Complete (high) evacuation Is one of the best means to clean a system. 

Triple evacuation will not remove all of the moisture. Only warmth and a deep vacuum 
will vaporize and remove the moisture and any solvents. Some solvents In the system will 
vaporize only under a deep vacuum. A deep vacuum gauge Is the best way to determine. If the 
system has water In It, If the system has leaks. To check: stop the vacuum pump; close the 
valve to the vacuum pump; watch the high vacuum gauge. If It rises, there Is still moisture In 
the system. 

Large openings must be used for deep vacuum. Piercing valve openings are not large 

enough. 

The system should be pressure-tested first. Use either dry nitrogen or dry carbon 
dioxide. These gases should be used only with a pressure regulator and a large capacity 
pressure relief valve set to release at 175 psi. Test the system at 150 psi. The system 
should hold this pressure after the gas valve Is closed for several hours (no decrease In 
pressure! • 

Note: NEVER heat nitrogen or CO2 cylinders. The maximum cylinder temperature 
sKouTd be 110© F (43© C). 

The evacuating and drying of the unit Is a very Important part of the assembly work. 
The system should be as close to 100 percent clear of air, moisture, solvents and other 
foreign matter as possible. Here aaain, REfEMBER that the most careful evacuating and purging 
will not clean a unit that was careiessly~ut together with dirt In the system . 

A vacuum pump should be used to remove as much air as possible from the unit. No pump 
will remove all air. A pump that produces a 28" vacuum (28" Hg.) will take out only about 93 
percent of the air. With a 28" Hg vacuum moisture particles must be heated to 100^ F (38^ 
C) or above, before they will evaporate and can be pumped out as water vapor. 

To remove the moisture, the unit must be heated to a temperature that will not only 
vaporize the moisture, but will drive the moisture out of all the crevices. For the same 
reason the unit should be run for a part or all of the operation. This Is to be sure all 
pockets In the compressor and the beartngs are vibrated to release pocketed air. This also 
warms the motor windings which are an additional source of trapped moisture. It Is considered 
good practice to evacuate for 8 hours at 250^ F (121^ C) or for 24 hours at 150^ F 
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(66^ C). Carbon dioxide attracts moisture and circulating It In the system helps to remove 
moisture* 

To eliminate still more air, charge some refrigerant vapor Into the system. Evacuate 
the system again. This will take out more of the air. Repeat the charging and evacuating. 
Only about .01 percent of the air will then remain In the system. 

However* If a deep vacuum pumps draws 50 to 100 microns and holds this pressure* the 
system Is clear of moisture and air. 

To use the deep vacuum method, you should follow. In the same sequence as stated, the 
procedures listed below: 

# Connect the gauge manifold to the system. 

# Purge all pressures from the refrigeration system by opening the system 
service valves and the gauge manifold hand valves. 

9 Connect the center hose on the gauge manifold to the vacuum pump. 

^ Start the vacuum pump and pump a vacuum of at least 500 microns; a vacuum of 
50 to 100 microns Is preferable. 

# Close off the gauge manifold hand valves. 

# Stop the vacuum pump. DO NOT stop the vacuum pump before closing the gauge 
manifold hand valves. This Is to prevent a1r from entering the system. 

9 Disconnect the center hose of the gauge manifold from the vacuum pump and 
connect It to a cylinder containing the proper refrigerant. 

# Open the cylinder valve. 

# Loosen the center hose connection at the gauge manifold. Purge the hose for a 
few seconds; then tighten the connection. 

# Open the gauge manifold hand valves and admit refrigerant Into the system. 
^ Close the high-side hand valve on the gauge manifold. 

# Start the unit and add the proper charge of refrigerant. 
To use the triple evacuation method* use the following procedures 

9 Connect the vacuum pump and pump a vacuum of approximately ,500 micros. 

# Purge all pressure from the refrigeration system or unit t/ opening t'^ system 
service valves and the gauge manifold hand valves. 

# Connect the center hose on the gauge manifold to the vacuum c^nin 

9 Start the vacuum pump and pump a vacuum of approximately 1,bv/ microns. 

# Close off the gauge manifold hand valves. 

# Stop the vacuum pump. However, DO NOT stop the vacuum pump before closing 
the gauge manifold hand valves. Thi: Is to prevent air from entering the system. 

# Disconnect the center hose of the gauge manifold from the vacuum pump and 
connect It a cylinder containing the proper refrigerant. 

# Open the cylinder valve. 

# Loosen th^ cp.ter hose connection at the gauge manifold. Purge the hose for a 
few seconds; then tlght*^ ^*.e connection. 

# Open the gauge manifold hand valves and admit refrigerant Into the system or 
unit unt!l a pressure of about psig Is Indicated on the gauges. 
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Close the refrigerant cylinder valve and the gauge manifold hand valves. 
Disconnect the hose from the cylinder. 

Open the gauge manifold hand valves and purge the pressure Unm the system. 
Repeat steps Indicated by single asterisk 

Repeat steps Indicated by a double asterisk Pump a vacuum of 50 microns 

500 microns. 



Open the gauge manifold hand valves and admit refrlgerv^: into the system 
until cylinder pressure Is Indicated on the gauges. 

Close the high side gauge manifold hand valve. 

Start the unit or system and add the proper charge o^ refrigerant. 

You will find that there Is another method of evacuation tha^ May be used as was 
mentioned earlier and that Is to use the unit's compressor. 

When using the compressor, Install a compound gauge on the compressor suction se'^vlce 
valve and draw a vacuum of approximately 20 Inches, thus removing the refrigerant from the 
crankcase. Next, Install a purging line Into this gauge opening of tha discharge service 
valve. Run this line to a location that Is safe (refrigerant vapors can be harmful to 
people); shut off the condenser openings; open the suction liner; and pump a vacvi^ir.. After 
obtaining as high a vacuum as possible with the compressor, allov: a smnll amount of 
refrigerant back In the suction line by cracking open the refrigerant ^alve that- farthest 
from the compressor on the low side. Pump the refrigerant from the system. Nch flush the 
system with refrigerant again and evacuate the system again. Th^" shou^ 1 lenerally remove the 
greater percentage of the air and contaminants. The same procedure: arc '^^'i. -rally followed 
with a vacuum pump, except that the compressor Is not used. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this &tudy unit. 



1. State the purpose of refrigeration systems evacuation. 



2. What are two methods used to evacuate a refrigeration system or unit? 
a. 

b. 

3. Of the two methods of evacuation^ which Is the preferred? 



4. A single-stage vacuum pump Is normally used with wbat type of evacuation? 



Work Unit 3-3. SYSTEM PUriP DOWN 

STATE THE PURPOSE OF PUNPING A SYSTEM DOWN. 

STATE THE PROCEDURES NECESSARY TO PUMP A SYSTEM DOWN. 

STATE THE PURPOSE FOR LOOSENING THE FLARE NUT ON THE SUCTION SERVICE VALVE WITH 
THE VALVE FRONTSEATED PRIOR TO OPENING THE KING VALVE. 
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Before you open a system (to change the compressor for Instance), you must arrange to 
save the refrigerant that Is in the system and prevent air from entering. The usual procedure 
Is to pump the system down, or to run all the refrigerant from the system down to the receiver. 

To do this you simply close the receiver outlet valve (King valve) and operate the 
compressor until the suction pressure gauge 1e -^Is off between 3 to 5 psig. Then you close 
the receiver Inlet valve (Queen valve) and stop the compressor. The system can then be 
opened. You may need to let a small amount of refrigerant back Into the system to maintain a 
positive pressure. This helps keep air out and reculres less work when the system is put back 
Into operation. 

As you can see, It Is a very simple operation to save the refrigerant when repairs are 
required on the components of the system. To accomplish the pump down on a system. It must be 
equipped with a service valve and a liquid line shut-*off valve. 

To begin the pump down of a system, use the following procedure. If possible, you 
should allow the compressor to run until it Is warm before pumping It down. Then begin by: 

* Installing the bar gauge manifold. 

* Closing (frontseat) the liquid line shut-off valve (King valve). 

* Setting the low pressure control at 3 psig, or holding the pressurestat switch 
closed so that the unit will not trip off on low pressure. 

* Running the compressor until the compound pressure gauge (registering low side 
pressure) registers 3 psig. 

* Stopping the compressor and watching the compound pressure gauge. If the pressure 
rises, pump down again. Repeat the operation until the pressure remains at 3 psig. 

* Frontseating the compressor discharge and suction shutoff valve;. 

If the compressor Is to remain pumped down for any length of time, tag the disconnect 
switch stating that the unit is In a pumped down condition to prevent accidental starting of 
the unit. 

The refrigerant is now trapped between the King valve and the discharge service 
valve. At this time, you may repair or replace any lines or parts from the King valve up 
through the evaporator, metering device, drier, and back to the discharge service valve, 
inc'luding the com;.Tessor Uself . 

If the compressor Is the only component to be removed, pumping down the crankcase will 
be sufficient. This may be accomplished by frontseating the suction service valve and 
completing the first five steps listed previously. You must stop the compressor several times 
during ^ump-down to prevent excessive foaming of the oil as the refrigerant boils out since 
the foaming oil may be pumped from the crankcase. 

Note ; To make sure that the discharge reeds in the valve plate ^are not leaking 
back to the low side, you should frontseat the suction service valve and 
run the unit until 0 psig is reached. Then stop the unit. If the 
compound pressure gauge remains at 0 psig, the discharge valves are NOT 
leaking. 

Once pump-down has been completed and the components have been repaired or replaced as 
required, you nay restore the unit to operation. To do this, you would tighten all 
connections, then Toosen the flare nut on the suction service valve with the valve 
frontseated. Now, open the King valve and allow the refrigerant to push whatever air has 
entered the system out through the loose flare nut at the suction service valve. Tighten the 
flare nut on the suction service valve and then open all other valves to resume normal 
operation. 



Note: All r^rts of the system that have been exposed to the atmosphere must be 
pulled down to a vacuum to remove all noncondensable, contaminants, and 
mcsit^jre prior to resuming normal operation. The filter drier must also 
be changed to remove an contaminants or moslture from the system. 




3-17 



76 



EXERCISE: Answer the followlna questions and check your responses against those listed at 
the end of this study unit. 

U State the purpose of pumping down a refrigeration system. 



2. Vthat Is the first step In pumping down a system? 



3. Prior to frontseating the compressor discharge service valves, what should the 
compound gauge reading be? 



4. What Is the purpose of holding the low-pressure cutout switch closed? 



5. To place a unit Into operation from a pump-down condition, state the purpose for 
loosening the flare nut on the suction service valve with the valve frontseated 
prior to opening the King valve. 



Work Unit 3-4. CHARGING A REFRIGERATION SYSTEM 

STATE FOUR. METHODS USED TO DETERMINE IF THE SYSTEM IS PROPERLY CHARGED. 

SPECIFY THE TWO METHODS OF CHARGING REFRIGERANT INTO A SYSTEM. 

SPECIFY THE PROCEDURES USED TO CHARGE A SYSTEM OR UNIT. 

The quantity of refrigerant to be added to the system for the Initial charge or 
recharging depends on the size of the equipment and the amount of refirlgerant to be 
circulated. In very large systems, It Is common practice to simply wel^h the charge by 
placing the reflrlgerant cylinder or drum on a suitable scale and observing the reduction In 
weight In pounds. This method Is fine for systems that have receivers or condenser volume 
ample enough to take a slight overcharge. 

On smaller systems, and particularly those that are self-contained packaged units 
without receivers, the system's refrigerant charge Is critical to ounces, rather than whole 
pounds. In this case a ''charging cylinder" Is recommended as Illustrated In figure 3-17. 
Refrigerant for the refrigerant drum Is transferred to the charging cylinder^ The charging 
cylinder has a scale that Is visible to the operator so that you may precisely measure the 
quantity of a specific refirlgerant and compensate for temperature and pressure conditions. 
These cylinders are accurate to within one-quarter of an ounce. Optional electric heaters are 
available to speed the charging operation. 

Where considerable Installation and service work Is performed, a charging station, as 
Illustrated by figure 3-18, may be employed If your unit rates one. 
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Fig 3-17. Charging cylinder. 




Fig Charging station. 



A charging station Is a charging cylinder mounted on a portable handcart* complete 
with a manifold aauge assembly and a vacuum pump. The main advantage of using this type of 
unit Is that It Is fast. A given amount of refrigerant can be put In the system In a 
relatively short time. It removes the guesswork. If you know exactly how much refrigerant a 
unit requires, this amount Is automatically placed In the system. The ease of operation makes 
this unit quite valuable, because It permits Inexperienced personnel to be used. A qualified 
refrigeration technician does not have to be available when using this charging station, as 
long as the operator observes details carefully. 
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u.- 4 Refrigerant Is added to the system or unit through the suction service valve (low-side 
charging) or the discharge service valve (high-side charging). In LOW-SIDE CHARGIN G, the 
refriaerant is ALWAYS added in GASEOUS form. Low-side charging offers good control of the 
charging process and should be used whenever possible. Although it takes longer, it is much 
safer and you are in complete control of the entire process, m high-side charging, the 
refr gerant is ALWAYS added In ysuiD form. HIGH-SlbE CHARGING is very rapi". ThI amoSnt of 
refrigerant to be added must be welgFed or measureu. While the high-side charging process is 
going on, the service cylinder must be inverted (turned upside down). » » h 

To charge into the low-side as a flas follow the procedures listed b.Mow: 

• Insure all evacuation procedures have been correctly followed prior to these steps. 

Sack-seat the compressor suction and discharge service valves and connect your 
manifold gauges to the appropriate compressor gauge connectio .. 

• Connect a refrigerant service cylinder or drum to the middle manifold hose. 

Th«„ *^„!to„°^?? JH^ service cylinder or drum valve and purge the hoses, gages, and manifold. 
Then tighten all hose connections. 

• Turn the suction service valve a couple of turns from the back-seat position and 
open the service cylinder valve as far as possible. *^ 

• REMEMBER, keep the refrigerant drum In an upright position to prevent the llauid 
refrigerant tor entering the compressor. i- a k w hictcmi me nquia 

*u *u l?"** ^l!''" tlje compressor discharge service valve about one-fourth to one-half turn 
dlSchSSe 5fes"fe [llql?" compressor discharge pressure can be read at the manifold 

• Start the unit's compressor. 

• Charge the required amount of refrigerant into the system. If the exact charge Is 
unknown, charge a small quantity at a time and continually observe the operating pressures, 
sight glass, and frost line. To speed up the charging process, you may place the service 
cylinder in a container of WARM water. * * k 

• When the system or unit is sufficiently charged, close the refrigerant service 
cylinder valve and back-seat the compressor discharge service valve. Prior to closing the 
compressor suction service valve allow a few seconds for the compressor to draw the remaining 
refrigerant from the lines. Back-seat the suction service valve. 

'^m'?" to operate, keeping a close watch on the frost line on the 

evaporator. Make sure there Is enough frost, but prevent it from going beyond the suction 

rh,roinn'o„„w„r" ' proper Charge of refrigerant, close all valves and remove the 
cnarging equipment and cap all ports. 

In HIGH-SIDE CHARGING, you must remember several important things: First, as was 
previously mentioned, the refrigerant is jjwa^ added in liquid form and the exaci cLrgl must 
be in the service cylinder- -no more and noliss . Remember too , that the unit is not runnZ, 
the service cylinder must be inverted, and that this is a rapid method of charging a unit. 
You should also be aware that high-side charging is dangerous and unless it is done correctly, 
considerable damage to the unit may result; lines may be ruptured and the compressor nay be 
damaged beyond repair. In order to charge liquid refrigeraht Into the high side of a 

system, the pressure in the service cylinder must be higher than that in the 
refrigeration system being charged. If the system being charged is water-cooled, the pressure 
]II„*''fJ''''"^'^ receiver, with the water running, will be low enough to force the Refrigerant 
from the cylinder into the system. If the unk to be charged is an air-cooled system? the 
pressure in the refrigerant service cylinder will have to increased. 

In order to perform high-side charging follow the following procedures: 

• Backseat both of the service valves (suction and discharge). 
Install the bar gauge manifold and leave the connections loose at the service 



valves. 



Open both of the valves on the manifold. 
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• Attach a flexible charging hose from the center port of the manifold to the 
service cylinder. 

• Open the service cylinder valve and purge the lines to the service valves, 

* Tighten the connections at the service valves after a few seconds of purging • 

# Close both valves on the bar gauge manifold. 

• Invert the service cylinder and support It secure . Prior to Inverting the 
cylinder Insure that the cylinder contains the exact charge ,j ^ed for the unit being 
charged. 

# Open the pressure gauge valves. 

A Crack both service valves (suction and discharge). 

# At this point the liquid refrigerant will be forced Into the condenser and 
receiver. 

Note ; To speed the process apply heat to the service cylinder by using rags 
soaked In hot water; when the cylinder Is empty, remove the rags. 00 
NOT apply direct heat from any type of flame. 

* When the cylinder is empty, close the cylinder valve. 

Note: When performing the process of high-side charging with liquid refrlaerant, 
the refrigerant will make a gurgling sound. When this stops the cylinder 
Is empty. 

* Close the pressure gauge valve. 
9 Remove the service cylinder. 

• Start the unit and check Its operation. 

It Is sometimes difficult to determine when a system Is correctly charged. No one 
method will work In all applications. Each system, the units In it, and Its temperature 
range, and application must be considered. The following guidelines will help you, but 
experience and trial and error are necessary before you will become competent In determining 
the correct charge In a refrigeration system. There are four methods of determining whether 
you have the correct refrigerant charge In a system: (1) sight glass ; (2) pressure 
determination ; (3) weighting the charge ; and (4) fjrost line . 

The most common way of checking the charge In small systems Is with a sl^ht glass In 
the liquid line . If there are no bubbles In the sight glass. It Is assumed that tne system 
is correctly charged. In a system that Is fully charc^cd, tiie sight glass will show a clear 
flow of refrigerant. In fact It will appear empty» However, this assumption can be wrong . 
If the sight glass Is located near the outlet of the receiver, a restriction In the liquid 
line may reduce the flow of the refrigerant enough to eliminate bubbles In the sight glass 
even if the system is only *-a^- charged. If the sight aUss is located near the expansion 
valve, a restriction in the !uid line will cause bubUlcs in the sight glass even If the 
system is overcharged. The .^e of a sight glass at the outlet of the receiver and another at 
the inlet of the expansion valve will give a good Indication of both the system charge and 
possible restriction in the liquid line. 

A sight glass in the receiver will indicate the amount of liquid refrigerant in the 
receiver. A system is correctly cnarged when the unit is operating normally and the receive*^ 
is one-fourth to one-third full. 

It is difficult to determine the correct charge of refrigerant in a system without a 
sight glass . The following steps are helpful in determining the correct charge, out cney are 
only indications. First install a manifold gauge assef*ly and attach a thermometer to the 
evaporator outlet. Run the compressor for about 10 minutes, observing both of the gauges and 
the thermotneter. Record these readings. Add some refrigerant as a vapor on the low-side, and 
observe the gauges and thermometer after another 10 minutes of operation. Record these 
readings and compare them with the previous readings. Continue operation at 10-minute cycles 
and record the gauge and thermometer readings, until th^re Is no change In the readings. When 
the system has reached equilibrium, use a P-T chart to convert the thermometer readings to the 
refrigerant saturation temperature. Use the refrigerant temperature-pressure relation chart. 
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The suction pressure reading and the saturation temperature of the refrigerant should 
correspond. Finally, add a small amount of refrigerant and observe the thermometer for any 
change. If there Is no change , there Is a full liquid flow being supplied to the expansion 
valve. ^ 

After charging a untt with an estimated charge, 1t may be necessary to determine If 
the charge Is correct by using the pressure determination method * This may be done In two 
ways, either by using the head or discharae pressure, or by using the suction pressure. After 
the charge has been added to the system, the unit must be run until the pressure stabilizes. 
Once the pressure stabilizes, the ambient temperature must be determined. The ambient 
temperature will vary depending on the type of condensing unit that the system employs. The 
actual temperature of the condenser Is taken and then a certain number of degrees Fahrenheit 
Is added (refer to figure 3-19 for the correct number of degrees to be added to each type of 
condenser). Then by checking the pressure-temperature chart you can determine whether the 
pressure Is correct. 



Type of condenser Temperature 

Natural convection Ambient temp. + 35^ F 

Forced convection Ambient temp. + 30^ F 

Water-cooled Ambient temp. + 20^ F 

Fig 3-19. Temperature chart of determining 
ambient temperature. 



Example : 



To determine the head pressure of a natural convection unlt^ first take the 
temperature of the condenser. If the te?iperature Is 75^ F, you add 350 F to It. Thus: 
750 F + 35« F ■ 1100 F. Now, check the pressure-temperature chart, assuming the the 
refrigerant In the system Is R-12, you will find that the pressure gauge should read 136.4 
psig. If it reads less, more refrigerant Is needed. If, In the event. It reads more, some 
refrigerant will have to be evacuated. 

The normal suction pressure of a unit would be equal to the evaporator temperature 
minus 100 F regardless of the type of condensing unit employed. Assume you find that the 
evaporator temperature Is 30^ F. You subtract 10^ F to give you an ambient temperature of 
200 F. The pressure-temperature chart shows that the gauge should read 21.04 psig. If It 
reads less, more refrigerant Is needed. If It reads more, some refrigerant will have to be 
evacuated. 

On a system requiring a critical charge , this system Is charged by weight, according 
to the manufacturer's spaclflcatton?; Use a scale or a charging panel to measure an exact 
weight of refrigerant. Weighing the charge Is a simple method; however, the charge musTBe 
Known In advance. First an evacuated cylinder Is weighed and then the necessary refrigerant 
Is put Into the cylinder. 

Example ; 

If an evacuated cylinder weighs 15 lbs. and the TM specifies that the unit needs 5 
lbs. of R-12, the filled cylinder should weigh 20 lbs. once the refrigerant Is added. The 
cylinder Is placed on a scale and the system Is charged (filled) until the scale again reads 
15 lbs. This would Indicate that the system has been charged with the required 5 lbs. of 
refrigerant. 

The last method of determining the charge of a system Is by the use of the frost 
line. A small portion of the suction line should be frosted. This frost line should not 
extend more than 1 inch beyond the evaporator. An excessive frost line Indicates an 
overcharge. No frost line and the evaporator being warm Indicates an undercharge. 
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Answer the following questions and check your responses against those listed at 
the end of this study unit. 

What are the two methods used to charge a refrigeration system? 

a. — 

b. 



In which method of charging Is refrigerant always added to the system In a gaseous 
form? 



In which method of charging Is the refrigerant always added to the system In 
liquid form? 



To maintain complete control of the charging process, which method of charging 
would you employ? 



In which method of charging Is the refrigerant service cylinder maintained In the 
up-right position? 



State four methods used to determine if the refrigeration system Is properly 
charged. 

a. 



b. 



c. 



d. 

State how to determine the proper charge of refrigerant using the following 
methods. 

a. Sight glass In liquid line: 



b. Sight glass In receiver: 



c* No sight glass: 



d. Critical charge system: 
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plug ntthod or tht low-tldt vacuMi Mthod. It nay bt pourtd In at shown In figurt 3-21, 
providing tN coitprtttor crankcatt It at atMtphtrIc prttturt. Thit ittthod It normally uttd 
prior to dthydratlon, tinct It will txpott tht coMprtttor crankcatt Inttrlor to air and tht 
Moltturt tht air contalnt. Tlilt ntthod It rtftrrtd to at tht oil plug wthod. 



Figurt 3-22 llluttrattt tiM Mthod iMnially uttd with an optrating unit. In thit 
catt* tht crahkcatt It pui^ down btlow atmtphtric prttturt and tht oil It drawn In. Uhtn 
thit Mthod It uttd* tht ti*t In th« oil eonttlntr tubjtcttd to air prttturt thould ntvtr bt 
allowtd to gtt clott tnoygh to tht twrfact of tht oil to draw air. At thown In f1guivr!!^2, 
tht tubo It wtll btlow tht Itvol of tht oil In tho contalntr. Thit ntthod It rtftrrtd to at 
tht low-tldo vaawn tthod . 



Otttnalnliio tht ammt of oil In tht coaprtttor It difficult on ttaltd tytttnt that 
art not toulpptd with a tight olatt. Only rartly it It .itctttary to add oil to a ttaltd 
tystta. Howmr* looking rtftrlgtrant alwtyt carritt toM oil with It and thit lost oil 
thoyld bo roplacod. Tho convontlonal SlRodt of adding oil to a tytttn nay bt uted If tht 
tytttn It conplotoly tqulpptd with torvico valm. That Is, oil my bo tiphontd In or pourtd 
1n« 

Mhon a look occurt and tho aaount of oil lott It snail and can bt rtatonably 
calculatod* Add that anount of oil to tho syston. If thtro has boon a largt anount of oil 
lost* tht conprtssor nust bo rtnovtd, tht oil dralntd* and tht corrtct oil chargo addod to the 
systtn boforo placing It back In operation. 

Ihoro art throo procautlons to tako In charging and rtnovlng rtfrlgtrant oil. 

Iho first Is to oso only clooo. dry oil . Socond, prossiro mnt bo controllod whon 
tilt crotteoio is ononod xo mo kxm %mm% . too nuch prtssuro can rorco on out through 'iho 
optning rapidly and crooto qoiu a mss. 

Third, f jfston owrchir i lno shoold bo airoldod . Not only will this croato tho 
possibility of oil ft logs danaging tno co^rtssor, out It also nay hindor tht ptrfomanco of 
tht rtfrlgtrant In tho ovaporator. 011 ovtrcharging will also caust liquid rtfrlgtrant to 
rttum to tho conprtssor fron tho ovaporator. 




Fig 3-21. Oil plug ntthod of adding oil. 




Fig 3-22. Low-sldt vacuun ntthod of adding oil. 
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The following are the $tep-by-itep procedures for adding refrigerant oil. As was 
previously stated, there are two methods of adding oil to the compressor; (1) low-si de vacuum 
method, and (2) the oil plug method . 

* Oil plug method 

* Attach a compound gauge to the low side. 

* Start the compressor and slowly frontseat the suction service valve until a 
pressure of approximately 2 psig Is reached. 

^ Stop the compressor and frontseat both of the service valves. 

* Slowly remove the oil gauge or the oil filler plug. 

* Slowly add the required amount of oil through a clean, dry funnel. DO wOT 
add more than 1/4 pint at a time. 

* Replace and tighten the oil plug or gauge. 

* Compressor should be pulled to a vacuum to remove all Impurities amd moslture. 

* Return the service valves to their normal positions. 




Oil cental ne 
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Fig 3-23. Adding oil to the compressor 
using the vacuum method. 

Vacuum method (refer to fig 3-23). 
Install the bar gauge manifold. 
Frontseat the suction service valve. 

Run the unit the compound gauge registers In a 15-Inch vacuum. 
Stop the unit. 

Install a flexible charging line from the center port of the manifold to the 

Note: Always place the end of the charging line well below the surface of 

the oil in the oil container. This will insure that only moisture-free 
oil Is drawn into the coopressor. 
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* Crack the compound qauye valve and atmospheric pressure will force the oil 
Into the compressor crankcase. 

* Add only about 1/4 pint of oil at a time. 

The following are the procedures for removing refrigerant oil that has become 
^ted» or It must be changed, or the system has an overcharge and the excess must be 



contatnin 
removed. 



pressure 



Attach a compound to the low-side of the system. 

Start the compressor and gradually frontseat the suction service va^*'" mtn the 
In the crankcase drops to 1 pound. 

Stop the compressor and frontseat both the service valves. 

Drain the oil through any valve or plug below the oil level. 

Replace the plug and tighten or close the valve. 

Place the system back Intr operation If required. 

Note : Always purge air from a system, whenever it has been opened. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. What are three methods used to determine the charge of refrigerant oil In a system? 



a. 
b. 
c. 



2. What are the two methods used to add refrigerant oil co a system? 



a. 



b. 



3. In the oil plug method of add.ng oil to a compressor, which valve Is frontseated 
after the compressor Is started? 



4. In the vacuum method of adding refrigerant oil to the compressor, how deep of a 
vacuum is pulled before stopping the compressor? 



5. What are the three precautions to observe in charging and removing refrigerant oil? 
a. 



b. 



SUMMARY REVIEW 

In this study unit, you have learned the construction and usa of service valves and 
the bar gaugft manifold, and the correct procedures for using the manifold assembly. You, 
also, learned to evacuate, pump-down, and charge the refrigeration system. Lastly, you 
learned the Procedur es require d to add and remove refr igerant oil from the system. 
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Answers to Study Unit 13 Exercises 



Work Unit 3-1. 

L a. One-way valves 
b. Two-way valves 

2. a. Gauge port 

b. Line port 

c. Compressor port 

3. You must replace the valve. 

4. To allow the technician to observe operating pressure from both the high-side and 
low-side of the refrigeration system at the same time 

5. It must be purged by allowing a small amount of refrigerant to escape from the 
fitting before tightening. 

6. Frontseat the valve on the gauge manifold. 

Work Unit 3-2. 

1. To remove noncondensables and assure a tight, dry system before charging. 
?. a. Deep vacuum method 

b. Triple evacuation method 

3. Deep vacuum evacuation is used on systems containing only a minimum of 
contaminants whereas triple evacuation is used on systems containing a greater 
amount of contaminants. 

4. Deep method 

Work Unit 3-3. 

1. To save the refrigerant that is in the system and to prevent air from entering 

2. Allow the compressor to run until it is warm. 

3. 3 psig 

4. To keep the compressor from stopping due to low pressure 

5. Allow the refrigerant to push whatever air has entered the system out through the 
loose flare nut at the suction service valve. 

Work Unit 3-4. 

1. a. Low-side charging 
b. High-side charging 

2. Low-side charging 

3. High-side charging 

4. Low-side charging 

5. Low-side charging 

6. a. Sight glass 

b. Pressure determination 

c. Weighting the charge 

d. Frost line 

7. a. Normally the system is properly charged if there are no bubbles in the sight 

glass. 

b. If this sight glass registers between one-fourth to one-third full. 

c. Observe and record both gauge connections of the manifold and a thermometer. 
Add refrigerant. Again observe and record the readings at 10-minute 
intervals. When there is no change the charge is sufficient. 

d. Use a scale or charging panel and determine the proper weight. 

Work Unit 3-5. 



1. 


a. 


Liquid measure or weight 




b. 


Dip stick 




c. 


Sight glass 


2. 


a. 


Oil plug method 




b. 


Low-side vacuum method 


3. 


Suction service valve 


4. 


15 


Inches 


5. 


a. 


Use only clean* dry oil. 



b. Control pressure when the crankcase Is opened to the atmosphere. 

c. Avoid overcharging the system. 
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STUDY UNIT 4 
REPAIRING MAJOR COMPONENTS 
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^IHPL^I^F objective: without the aid of references, you will learn to make 

NECESSARY REPAIRS TO MAJOR COMPONENTS OF THE REFRIGERATION SYSTEM. THESE 
COMPONENTS INCLUDE THE ELECTRIC MOTOR AND ITS CONTROLS COMPRESSOR^. THE CONDENSER 
AND EVAPORATOR. AND LASTLY. THE AUTOMATIC CONTROLS. '"^ CONDENSER 

, Maintenance Is the primary job of a refrigeration technician. Good maintenance will 
usually catch the refrigeration problem before It Is received on a work order. The quality 
and quantity of maintenance performed by a shop and personnel will have an effect on the 
amount of equipment that Is down. There Is no substitute for good maintenance. 

To insure long and satisfactory operation of refrigeration units, there are additional 
component 5? ! SJJtS.'"' necessary to determine whether to repair or replace a major 

Work Unit 4-1. MOTORS AND CONTROLS 

MofoRS^AND'*CONTROLS*"° SOLUTIONS FOR PROBLEMS WHICH FdAY CAUSE TROUBLES IN 

IDENTIFY PROBABLE CAUSES OF COMMON MALFUNCTIONS FOUND IN MOTORS AND CONTROLS. 

r J?**"" ^ ^« ^"fi *° a ""1*6'' of causes. Some of the things that may cause 

^IZ IVnl'iill *''^*2 overload, low or high voltage, frozen or worn motor bearings, failure of 
motor windings, and failure of motor controls. 

M«ny things that cause motor failure are not the fault of the motor. Several 
conditions which may cause motor failure are listed below. These conditions should be checked 
before disconnecting electrical powerllnes or trouble-shooting the electrical sJStem. 

• Overload 

• Loss of power 

• Driven machine blocked 

• Frozen or worn bearings 

• Bad or improper connections 

If a 3-phase or single-phase motor has been operating satisfactorily and suddenly 
stops, a temporary OVERLOAD condition may exist. You should allow sufficient time-for the 
overload device to ccolTeFore actuating the reset device. If sufficient cooTinrhas 
SS«r!!^Si ^^f/^hf/l'l !J°I? '2'=''^'* position and you can follow the norwal starting 

?S^^hu rhilt^''^ ""P'"^ » systematic procedures for locating the ^ 

trouble. Check current draw with an ammeter to determine if the motor is overloaded. 

. ., . ! voltmeter to determine if power is being supplied to the magnetic starter. 
Likewise, determine If power is being supplied to the motor. 'sncng swrier. 

^* ^^1°''® ' motor is removed from the line, check all electrical connections. Determine 
If the contro. connections are In accordance with the control wiring diagram. When you have 
checked the control connections, check the terminal lead connection! in both the cont?Sl 
apparatus and the motor. 

Motors with wound rotors are more susceptible to malfunctions due to their 
construction. Other than insulation checks, which are similar to the stator windings, rotors 
often have opens caused by overheating. Sometimes these opens can be repaired us n? a 
soldering gun to restore the circuit. u»mg a 

T T Drmhes that have b6£ii wor n t u h alf Uini r orig i nal length must be replaced, cneck 

iSlSrhSdef" * ' °f «»vement 
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Determine If the driver, machine (compressor, fan, etc.) Is at fault. To do this, 
disconnect the motor from Its load and rotate the rotor shaft of the motor by hand to 
determine If rotation Is free. 

Try operating the motor without the load of the driven machine. Lubrication may be 
needed and, In some cases, will free the rotor. If the bearings are frozen or stuck. It may 
be necessary to take the motor apart to free the bearings. If the rotor shaft will turn, look 
for wobbling, which Indicates a bent shaft. Before handling the shaft, however, put on 
gloves; or use a piece of cloth to Insure against Injury to hands from burrs or sharp edges 
that may be In the keyway. Check the rotor shaft for any up-and-down play (movement). Any 
noticeable rnovement Indicates worn bearings, which may be causing the rotor to be dragging In 
the stator. This Is probable when belt tension Is applied. The bearings should be replaced 
If up-and-down movement Is noted. Also check for rotor end play. This Is noted by movlna the 
rotor shaft In and out. Some end play Is not detrimental; however. It should not exceed 1/64 
of an Inch. Excessive end play may be removed by adding fiber spacer washers. 

Other things to check for are: misalignment of endbells, a loose pole piece, or 
foreign objects In the motor. If the trouble Is not mechanical, then analyze the motor 
electrical circuits. 

The most common causes of bearings trouble may be attributed to Improper alignment 
at Installation and Inadequate lubrication . 

If a bearing gives you trouble. It must be replaced. Bearings should not be removed 
unnecessarily because they are easily damaged. Normally, to remove a ball bearing, the end 
bells of the motor are removed and the rotor, shaft, and bearing assembly are removed from the 
motor. If the bearing housing has a removable outer cap It Is sometimes possible to remove 
the bearings without removing the end bells. 

When removing a ball bearing from the shaft, exert pressure only on the inner race. 
If this Is not possible, pressure on the outer race must be distributed over the entire race. 
Pressure should be applied steadily, parallel to the shaft and at a right angle to the 
bearlna. Before removing a sleeve bearing, an air m measurement Is normally made to 
determine the amount of wear and to see if the bearing Is out of round. Small sleeve bearings 
may be carefully tapped out, but bearing pullers are usually required to remove the larger 
size sleeve-type bearings. 

Bearings are replaced by applying steady, even pressure or by tapping lightly. Ball 
bearings must not be forced on a shaft that Is too large or Is badly worn. Grease retainers 
and oil sllngers must be In place. Dirt and foreign matter must be kept out of bearing 
recesses as they will scar the bearing surfaces and cause the races of ball bearings to become 
distorted. If a race Is distorted, the balls will get out of round and cause an excessive 
friction load on the motor. After Installation, bearings should be rotated by hand to see 
that they roll freely and without noise. Protective covers must be In place and be tight to 
prevent dirt and moisture from entering the bearing housing. 

Of all components that comprise a motor, the brushes are most subject to wear. Even 
In normal service, brushes will occasionally have to be replaced. 

On small motors, brushes are usually held In place by coll springs seated In threaded 
cup-shaped retainers which usually screw directly Into the housing or end bell. The brushes 
may be replaced by unscrewing the retainer and pulling or shaking out the old brush. The new 
brush will be longer, but the spring Is designed so that only part of the stroke is used and 
the retainer may be fully screwed In without danger of excessive brush pressure. 

» 

On larger motors, brushes are mounted In holders or riggings and are pressed against 
the slip-rings or commutator by spring-operated fingers. The current Is carried by pig tails 
attached to the upper end of each brush. When a brush Is Installed, it may be necessary to 
adjust the brush spring to get proper brush contact pressure. Brush-spring pressure should be 
from 1-3/4 to 2-1/2 psi of contact area for light roetallzed and carbon or graphite brushes, 
and from 3 to 5 psi for heavy metallzed brushes on slip-rings and commutators. Excessive 
brush pressure will cause rapid wear of brushes, commutator, and slip-rings. Low spring 
tension will cause arcing due to poor brush contact and may cause burning and pitting of 
brushes, commutator, and slip-rings. Spring pressure should be checked by a spring balance 
(fig 4-1) held directly above the brush and attached to the spring or aimed at the point of 
contact with the brush. A direct upward pull is given and the reading taken as the brush 
leaves the face of the slip-rings or commutator (or when a piece of paper can be drawn between 
th» hriigh AnH fh» rlnj^, nr r o mmutatorK When yo u 1n *8tfi ll n p w hn is hfiS t , hoy mfty -h Hv e I n hf 
seated to give the brush face the same curvature as the commutator or rings. To do this slip 
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« piece of fino sandpaper (00), face up. under the brush, draw It tightly against the 
commutator or rLngs, and sand off the brush face. Very little sanding Is necessary as the 
brush material Is quite soft. 




While In service, the motor should be cleaned regularly, oust and lint In the motor 
will prevent proper air circulation. Compressed air or a hand bellows should be used 
frequently to blow dirt out of the motor. 

Any oil which may overflow from the bearings should be wiped off. A little attention 
win result In efficient operation with the motor glvl-^g good service for many years. 

If the motor must be dismantled, all parts should be carefully cleaned before being 
worked on or reassembled. Cleaning fluids must be used that are not harmful to the electrical 
insulation material or to the technician's health. Only fluids of good dielectric quality 
should be used. There are several cleaning fluids approved for motor cleaning. 

Belts will be found on units that employ an open-type motor/compressor. In order to 
obtain long and satisfactory service from V-belts, the compressor flywheel and the motor 
pulley must be In line with each other In two different ways. First, the center line of the 
compressor must be parallel with the center line of the electric motor shaft. Secondly, the 
pulley grooves must be in line with each other. 




Fig 4-2. Belt tension adjustment. 
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When Installing be1ts» be careful to adjust them for proper tension as well as 
allgnmerit. They should fit snualy but not tightly. One should be able to depress a properly 
tensloned belt about 1/2 Inch with a 10-1b, force. Since you do not always have ten pounds of 
force In your tool box t remember t a correctly adjusted belt can be depressed 1/2 to 3/4 Inch 
by the pressure of one finger at a point midway between the motor pulley and the flywheel 
(Refer to fig 4-2). You can adjust the belts by moving the adjustable motor rails or by 
adjusting the belt-tightening device. 

When replacement of one belt of a multiple V-belt drive Is necessary, a complete new 
set of matched belts must be Installed. This Is due to belts stretching considerably during 
the first few hours of operation. If you were to replace a single be1t» the load balance 
would become upset between the old and new belts causing the load to be unbalanced. 

Be1ts» motor pulleys, and flywheels should be kept free of oil and grease and kept dry 
at all times. 

All electrical circuits of three-phase motors and controls are subject tn three common 
malfunctions. These circuits faults are: open , grounded , and shorted circuits. 

Starting with the source of power, an open circuit may exist at any point between 
there and the rotor of the motor. It Is necessary to Isolate the trouble. This must be done 
on a step-by-step basis. Make the following checks or the equipment shown In figure 4-3. It 
Is very Important to remember that you are working with an ohmmeter, and It should not be 
connected to a live circuit. Figure 4-3 shows a 3-phase motor connected to a 3-phase starter. 



30 AMP OtSCONNCCr 
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with an ohmneter, check from the source of power to the live terminals of the ctarter 
making sure cont nulty exists at the starter line terminals, LI, L2. and lS! nSke sJrl ST* 
continuous circuit between the start-stop station and the starter. Remember, the cSctor 
connected to LT is common to both the starting and holding circuit. ' ^ conductor 

c».^»«^ J^^l.^h^L^^T^jl" ^ continuous i);ith for current flow from the switch side of the 
starter through the holding coll and through the resets, back to L2. This circuit normally Is 
from switch term nal 3, to starter ter..inal L2. Be sure you have contlnultrSroughT 

Snfn^L? aJrT2 arn"'«rf"?t^^ ^SM;""^"*'' '-^^ '^l""^ '^heck for coJtlnult? between Ll 
!u- 1 '■Z aia TZ, and L3 and T3. If ihore are no opens at this point, power should exist to 
the motor terminals, Tl, T2, and 13 of the starter, when the start button Is pSshSd. 

*4 t?"^ continuity between the starter terminals, n, T2, and T3. If vou have 

an 0 e"n"V*?rJult^' jnotor terminals. It will be necessary to'checklhe SaSr of thS mo"? for 
an open circuit. This 1s done 1n a wye-connected motor, as shown In figure 4-4. 



% 




WYE POINT 



Fig 4-4. Testing the stator of a 3-phase 

wye-connected motor for an open circuit. 



,«H 4 9 "S*?" leads from the power leads. Check for continuity between leads 1 

and 4, 2 and 5, and 3 and 6. Continuity should exist when testing across the above 
mentioned pairs. Since the opposite end of leads 7, 8 and 9 are connected at a w!J noint m 
coli.'JilSuSrr? S°*°;'9"""""^*y ''►•ould exist be ween lead? ? aSd T ? aSd 9. Jr 5 * ^" 
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Check the stator of a delta-connected, 9-1ead niotor for an open circuit as shown In 
figure 4-5 • Disconnect the motor leads from the power leads. Check for continuity between 
leads 4 and 9, 6 and 8» and 5 and 7. This will check all the windings In the delta motor, 
Inasmuch as lead 10 Is connected Internally to lead 2, lead 11 to lead 3, and lead 12 to lead 
1, as shown In figure 4-5. 

There Is little likelihood that a squ1rre1-cage rotor will be open. If an open does 
exists the motor slows down under load. It also has low starting torque. Signs of heating 
are usually evident. Fractures In the rotor bars are usually found either at the connection 
to the end rings or at the point the bars leave the laminations. If the motor has a wound 
rotor, It may be necessary to check It for an open circuit by using the external growler. 

The same methodical process must be followed In finding a grounded circuit as was 
employed In finding an open circuit. It Is necessary to start with the source of power and 
work toward the motor. With the main disconnect open, check with an ohmmeter across each 
power phase to ground. Follow this step all the way to the starter, to Insure that no grounds 
exist from the source of power to the starter. Any ground existing In the power supply or any 
extremity connected to LI, L2, or L3 of the starter will be Indicated at any point tested, by 
the needle movement on the ohmmeter. This Is assuming any disconnects between the source of 
power and the starter are closed. Disconnection of conductors at certain points will be 
necessary to Isolate the grounded circuit. One at a time, - check across each of the 
conductors^ connected to the start-stop station to ground (conduit), to determine If a ground 
exists to the start-stop station. 

Check throughout the starter at points of possible grounds. Also check the control 
circuit (through the coll) and then your load circuit. In checking T1, T2, an^l T3 of the 
starter to ground, remember that any grounds existing 1n the connected motor will be Indicated 
at these points. Whether the ground exists In the motor or on the conduit can be determined 
by disconnecting the motor from the starter. If the ground does not exist In the conduit from 
the starter to the motor, the motor windings must be checked for grounds. 

The motor windings are tested for grounds , as shown In figure 4-6. Position one test 
prod to the motor housing, belna certain metal -to-metal contact Is established. With the 
other lead, touch each station lead In succession. If the needle moves, a ground Is 
Indicated. All Internal motor troubles must be repaired by a motor rewind shop; so If an 
InteriTial problem Is discovered, you should not disassemble the motor. Instead, send It out for 
repairs. 
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TEST LAMP 

Fig 4-6. Testing motor leads for grounded windings. 



Shorted circuits In electrical motors are found by checking across conductors with the 
power off. If continuity exists across two conductors when the circuit Is purposely open, the 
circuit Is shorted. As In checking for opens and grounds, checking for shorted circuits 
should start with the source of power and be carried through to the motor windings. Figure 
4-7 -^ay be used for applying tests for short circuits. With tht main disconnect open, start 
by checking across the fuses (bottom end). Assuming any disconnacts are closed between the 
source of power and the starter, continuity across any two conductors will Indicate a short 
circuit exists between the main disconnect and the starter. Disconnection of conductors at 
certain points will be necessary to Isolate the shorted circuit. Press the stop button and 
check across the conductors on terminal 2 of the starter switch to LI. Pressing the stop 
button on the start-stop station opens the circuit to the starter. A continuity reading would 
then Indicate a shorted circuit In the holding part of the circuit. 



Fig 4-7. Testing a wye-connected stator for a shorted circuit. 

Note: This circuit Is normally closed due to the construction feature of the 
start-stop station. 

Continuity across LI to number 3 In the starter would Indicate a shorted circuit in the 
starting part of the circuit. 

Note: This circuit Is normally open due to the construction feature of the 



^ When checking across the te rminal s^^jTl, T2, or T3), It will be necessary to 

disconnect the-Tnotor"leads fronrrre source of power; otherwise, *here will be a continuity 

reading due to reading across the motor windings. After disconnecting the motor leads, 




t 



start-stop station. 
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continuity will exist when checking across T1, T2, and T3. Also, a short circuit will exist 
In the conduit between the motor and the starter. 

Check a wye-wound motor for a shorted motor winding as shown In figure 4-7. Use an 
ohmmeter to check across the stator leads of the motor where continuity should not exist. 
Continuity should exist between leads 1 and 4* 2 and 5, 3 and 6, and the leads of which the 
other ends form the wye po^nt* The external leads Involved In the wye are: leads 7, 8, and 
9. Therefore, In testing for a shorted stator, If continuity should exist between any 
conblnatlon of lead numbers other than those which form a winding, a shorted stator Is 
Indicated. 




Fig 4-8. Testing a 12-1ead, delta-wrjnd 
stator for a shorted circuit. 



Procedures for checking a delta-wound, i2-1ead motor for a shorted stator winding are 
accomplished, as shown In figure 4-8. 

Continuity should exist across the following leads of a delta-wound stator having 12 
external leads: 1 and 4, 2 and 5, 3 and 6, 7 and 10, 8 and 11, and 9 and 12. Therefore, In 
testing for a shorted stator. If continuity should exist between any combination of numbers 
other than those shown above, the stator Is shorted. 

In the 9-lead delta motor, which Is most commonly used, 3 end windings are Internally 
connected. Lead 12 Is connected to lead ~i, lead 11 to lead 3, and lead 10 to lead 2. 
Continuity should exist across leads 4 and 9, 6 and 8, and 5 and 7. Therefore, In testing for 
a shorted stator, if continuity should exist between any combination other than those listed 
above, provlolng leads 1, 2, and 3 are not used, the stator Is shorted. Leads 1, 2 and 3 are 
not used because Internal leads 12, 10, and IT are connected to them. 

All electrical circuits In single phase motors and controls are subject to the same 
malfunctions as 3-phase motors. Therefore, we will discuss only open circuits. 

Starting with the source of power, an open circuit may exist at any point between 
there and the rotor of the motor. It Is necessary to Isolate the trouble. This must be 
accomplished on a step-by-step basis also. Make the following checks on the equipment shown 
In figure 4-9. Check with an ohmmeter from the source of power to the line terminals of the 
starter, making sure continuity exists at the starter line terminals, LI and L2. Make sure of 
a continuous circuit between the start-stop station and the starter. 
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Fig 4-9. Single-phase motor control system. 



Note: The conductor connected to LI Is common to both the starting and holding 
circuit. 



^2^™.^^!u**'r?J* ' continuous path for current flow from the switch side of the 
li^^ !w<Sh '"^ **'!:°"?*' 1-2. This circuit normally Is 

ftroffl switch terminal 3, to starter terminal L2. Be sure you have continuity through the 
heaters R-^e the armature until the contacts are closed and check for continuity between LI 

5-;J„Jc '"^ r^L**"*!* "° *° ^^^^ P°^"*» Powe*" should exist to the motor 
terminals T. nd T2 of the starter, when the start button Is pushed. 



RUNNING STARTING 
WINDING WINDING 




Fig 4-10. Testing the stator of a single-phase 
motor for an open circuit. 



Check for continuity between the starter terminals, T1 and T2t and the motor 
temlnaU, T1 and T2, If you have power to the motor terminals. It will be necessary to check 
the stator of the motor for an open circuit. This Is done In a single phase motor, as shown 
In figure 4-10, 

Disconnect the motor leads from the power leads. Check for continuity between leads 1 
•fid 2» 3 and 4, and 5 and 8, There Is little likelihood that a squirrel cage rotor will be 
open. It also has low starting torque. Signs of overheating are usually evident. 

All malfunctions In motors and controls may be corrected by a technician except 
malfunctions In the Internal wiring of the motors, Comnon malfunctions are: 

# Motor will lot start 

# Motor runs hot 

9 Motor stops running 

# Motor operates with excessive noise 

# Motor runs slowly 

Let's take a closer look at each of these common malfunctions, 

Motor win not start • This malfunction may be due to a voltage failure. Check the 
line voltage, cnecK tor blown fuses and broken or loose connections. Replace any bad 
conductors. 

Motor runs hot - The motor may be operated under an overload. Check the full-load 
amperage against tne data plate rating. Check the rating of the overload relay against the 
fui1*1oad current. If the rating of the relay Is too high, replace It with the power rated 
relay. 

Check the available voltaoe to be sure the motor Is not operating on under or over 
voltage. It may be necessary to ils^hten the load or Install a larger motor to carry the load. 

Check for proper motor and power connections. Be sure the motor Is properly connected 
to the available voltage. 

Check for proper ventallatlon. Clean any dirt from around vents or windings. 

Check the motor to determine If It has been properly lubricated. It It has not been, 
oil It according to the lubrication Instruction and or manufacturer's Instruction, 

The motor may be overheated due to starting too firequently. Determine If the motor Is 
rated for Intermittent duty. If It Is not rated for the service required, It must be replaced 
with one of the proper design. 

Motor stops running - If the motor stops running* allow sufficient time for the 
motor control to cool, Pusn the reset Into the locked position and push In the start button. 
If the motor starts* maintain close observation until the operator Is sure the motor failure 
was not due to any severe circumstances* the recurrence of which would result In serious 
damage to the motor, A brief overload or a power failure may have been the cause of the 
failure. Occasionally* the relay must be replaced because It has become faulty. If the motor 
cannot be restarted* It may be necessary to recheck all the things previously discussed. 

Motor ODtrates with excessive noise - Excessive noise may result from the motor not 
being securely mountea, this condition may be remedied by tightening the mounting bolts and 
the motor support securely. You may also find that dry motor bearings may cause excessive 
noise while tne motor Is In operation. Proper lubrication may stop the excessive noise, 

Erovlding permanent damage has not been sustained by the bearings. Sufficient damage to the 
earlngs may require the bearings to be replaced. Follow a regular lubricating schedule. Be 
certain the lubricant Is the type suggested by the lubrication Instruction or the motor 
manufacturer. 

Excessive noise may be the result of loose motor accessories. You can eliminate this 
by tightening the oil well cover and the connection box cover. The motor may not be mounted 
on a soiled surface. Replacing the mounting surface may quiet the operation of the motor. 
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Hotor runs slowly - Uhen a motor runs slower than It Is rated to run, considering 
slip In inauction motors and no overloading of the motor, then you must consider other 
factors. The voltage supply may be deficient, causing a motor to run too slowly. Correct the 
supply voltage. The voltage must be within 10 percent of the voltage rating for the motor. 

The bearings of a motor may be binding. This will cause the motor to run at less than 
rated speed. The bearings should be replaced If needed. Cleaning and relubrlcatlon may 
correct the trouble. 

The driven machine may cause a motor to run slowly. Uhen It Is suspected that the 
driven machine Is at fault, the motor should be disconnected from Its load and tested 
Independently of the load. 

Occasionally a motor may be open. This will result In the motor slowing down '^nder a 
load. The rotor must be repaired or replaced. 

When trouble-shooting single phase motors, you should check for such Items as bad 
centrifugal switches, bad brushes, and bad capacitors. 

If a split-phase motor hums but will not start, the trouble will probably be In the 
centrifugal switch or bad start windings. This same problem with a capacitor start motor 
might mean the motor has a bad capacitor. All other checks are the same for both single-phase 
and 3-phase motors. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. List five problems which may cause trouble In motors. 

a. 



b. 



c. 



d. 



e. 



2. Vlhat Instrument should you use to determine If a motor Is overloaded? 



3. How can you repair opens In rotors caused by overheating? 



4. How can you determine If the driven machine Is at fault? 



5. How can you remove excessive end play In bearings? 



6. Where may an open circuit exist In a 3-phase motor? 



7. Why Is It sometimes necessary to disconnect the motor fv^om the starter In a 
3-phase motor? 



8. What would Indicate a short circuit betw^^en the main disconnect ernd the starter? 
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9. How does a open circuit affect a single-phase motor with a squirrel-cage motor? 



Matching ; Match the causes in column A with their malfunctions in column B. 
Place your answer In the space provided. 

Column A Column B 

Causes Malfunctions 

10. Improper ventilation a. Motor will not start 

b. Motor runs hot 

11. Blown fuses c. Motor stops running 

d. Motor operates with excessive noise 

12. Power failure e. Motor runs slowly 

13. Faulty relay 

14. Open rotor 

15. Deficient voltage supply 

16. Dry motor bearings 

17. Too frequent starting 

18. Insecure mounting 

19. Bad conductors 

20. Faulty driven machine 

21. Voltage failure 

work Unit 4-2. COi^PRESSOR REPAIR 

IDENTIFY THE PROCEDURE NECESSARY TO TEST A COMPRESSOR FOR LEAKS AT THE VALVES. 
PISTONS, AND HEAD GASKZTS. 

SPECIFY THE CORRECT PROCEDURES TO SERVICE A COMPRESSOR. 

LIST TWO PROBLEMS MOST OFTEN ENCOUNTERED WITH CRANKSHAFT SEALS. 

STATE WHAT TYPES OF OIL SEALS ARE USED, HOW YOU REMOVE AND REPLACE THEM, AND HOW 
YOU CHECK FOR PROPER SEALING. 

Common troubles that you will encounter. In the performance of your Job, are: (1) 
leaks at the suction or discharge valves ; (2) leaks at the gaskets ; and (3) leaks Past the 
Piston ana piston rings , inese leaKS may cause such malfunctions In the system as: (Da 
sudden o^crease of refrigerating ability ; (2) a gradual decrease of refrigerating abllltyT or 
(3) an inability to produce or maintain the necessary low^sioe pressures or vacuums which 
would cause the compressor to enner run continuously or too long auring each cycled 

Before you tear Into a compressor you must be sure that the trouble Is In the 
compressor and not In another part of the system. The following are procedures for testing 
the compressor to determine If leaks are present at the valves, pistons or gaskets. If you 
follow these procedures you will discover where the problems are and effect the necessary 
repairs. 

^ Connect a compound gauge to the suction service valve and a pressure gauge to the 
discharge service valve by the use of the bar gauge manifold. 

0 Start the compressor and partly close the suction service valve. This must be 
accomplished carefully so that the vacuum Is reduced to 20 to 25 Inches of mercury In not less 
than 10 minutes. This will reoulre you to constantly adjust the suction service valve and 
maintain an ^e on the compound gauge and the clock. By slowly reducing the low-side 
pressure, you prevent rapid sepavatlon of the refrigerant from the crankcase oil and excess 
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oil from gettlna on the compressor valves which may make them temporarily free of leaks. If 
you cannot obtain a vacuum of more than 10 or 15 Inches of Hg, or If It takes a longer time 
(15 minutes or longer) to get the vacuum down to 20 or more Inches of Hg, Indications are that 
the suction service valve or compressor valves are leaking. 

# Stop the compressor, open the suction service valve to Its fullest, and wait for 0 
psig low-side pressure to build up. To speed up the buildup of pressure, open the cabinet 
doors or warm the evaporators with warm rays of water. 

O Start the compressor again. Close the suction service valve and wait for a 
maximum vacuum to build up. As soon as maximum vacuum Is obtained, stop the compressor. 
Maximum vacuum should be obtained In 30 seconds or less. This vacuum shot should remain 
almost without change for as long as 5 minutes^ If the vacuum does not hold. It Indicates 
either leaky valves or leaks past the piston or piston rings. This could also Indicate a 
leaky head gasket. 



* Open the suction service valve. Walt for the vacuum to decrease. Then close the 
discharge service valve. 

* Using the flywheel, turn the compressor over slowly by hand until the pressure 
gauge reaches 125 to 150 psig. If the pressure rises slowly, or rises and falls or does not 
rise high enough, to would Indicate that: the discharge valve Is leaking, there are leaks 
past the piston or piston rings, or the head gasket Is leaking. If the pressure drops rapidly 
after the compressor has been stopped, the same faults listed above are Indicated. If there 
are no leaks, the head pressure will Increase to a certain point (between 125 to 150 psig) and 
remain constant. After observations have been made and you are satisfied as to what Is or Is 
not wrong, the high head pressure must be relieved. 

When servicing the compressor, remove only the components necessary to effect the 
required repairs . Before reassembling tne unit, inspect any other component which have 
become accessible. All parts should be carefully cleaned with an approved cleaning fluid and 
allowed to dry In the air. When disassembling a compressor, be very careful not to scratch or 
mar gasket sealing surfaces. New gaskets of the correct material and thickness must be 
Installed when reassembling a compressor. Upon disassemblinq a compressor, all components 
should be clearly marked so that they may be replaced In their original positions. Clean 
lubricant should be applied to all bearing and rubbing surfaces of components that are being 
Installed. The compressor crankcase should be drained, cleaned, and filled with fresh oil In 
the guantlty specified In the lubrication Instruction. 

Once tests have shown a decided possibility of valve problem, the valve plate assembly 
will be accessible by removing the cylinder head. Pump down the compressor to 2 psig and 
remove the compressor head capscrews. Tap the head with a wooden or plastic mallet to free It 
If It Is stuck, and remove the cylinder head. Check the sealing surfaces to Insure that there 
are no dirt particles or foreign matter on them that would cause the valves to leak. Also at 
the same time Insure that the sealing surfaces are not marred or scarred as this will cause 



Note: DO NOT attempt this test untfl after the suction service valves and 

compressor valve have been tested for leaks as described earlier, because 
so much refrigerant may be released from the crankcase oil that the gauge 
pressure could be raised even with the suction service valve closed. 



leaking too. 




V 

VALVE PLATE ASSEMILV 



Fig 4-11* Valve plate assembly. 
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LOW PRESSURE CONNECTION 



HIGH PRESSURE CONNECTION 



VALVE PLATE DOWEL PIN 



SUCTION VALVE 
POSITIONING SPRING 



DISCHARGE PORT 



SUCTION VALVE 




NOTE ASSEMBLE WITH SPRING ENDS BEARING AGAINST CYLINDER DECK BOWLING UPWARD 



Fig 4-12, Suction valve positioning spring. 



Remove the discharge valves and valve stops as shown In figure 4-11. Free the valve 
plate from the dowel pins and cylinder deck. Many valve plates have tapped holes. The 
capscrews are screwed Into them and function as jacking screws. Now you can remove the 
suction valves from the dowel pin. Figure 4-12 shows the suction va1ve» suction valve 
positioning spring, dowel p1n» etc. Inspect the valve seats and valves. If the valve seats 
look worn or damaged, replace the valve plate assembly (see fig 4-11). 

It Is preferable to Install new valves with a new valve plate. If new valves are not 
available, turn the old valves over and Install them with the unworn side toward the valve 
seat. If the valve seats and valves are not noticeably worn. It Is still good practice to 
rotate the discharge valves; otherwise they may not set properly. 

The suction valves are doweled and must be reinstalled as they were originally. You 
must never Interchanqe valves. Be careful when replacing the suction valves. The positioning 
string must be placed on the dowels first. Place them with their ends toward the cylinder 
deck and with the middle bowed upward. 

Usually, If valve operation Is faulty, the vilve seats as well as the valves are 
damaged* Broken valves will usually cause scratches In the valve plate seat. If a broken 
valve Is discovered, every piece must be accounted for. If any piece Is left In the 
compressor, damage to the piston, piston rings, cylinders, or bearings may result. 

New valves should not be used In old or damaged seats unless the seats are put In 
perfect condition* This Is accomplished by lapping, which should not be done without the 
proper tools and qualification. A machinist or an experienced automotive mechanic may do the 
job for you. However, If you are qualified and the proper tools are available, plus using the 
lapping compound of the right grit, you may do the job yourself. 

After lapping, the parts should be washed In an approved cleaning solvent and air 
dried. They should then be coated with oil to protect them against fingerprints and moisture 
until they have been put back Into the compressor. 
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Once the valve plate Is reassembled and put back Into the compressor, all sealing 
surfaces cleaned, and new gaskets (valve plate and head gasket) Installed, place the head back 
on* 

All head bolts should be turned down snugly, but not tightly. Starting with the 
center bolt and working outward, tighten all head bolts to the proper torque* This torque Is 
obtained from the TM and/or manufacturer's publication. 

Install the suction and discharge service valves at this time. Insure that the 
seating surfaces and new jackets are Installed prior to Installing and tightening the bolts. 

As a general rule, you will encounter only a couple of troubles with the crankshaft 

seals: 

9 A squeaky noise caused by a dry seal. 

* A leaky seal caused by a scored seal surface. 

A noisy seal left uncorrected will soon become leaky. Air that enters a system 
because of a leaky seal Is Indicated by high condensing pressures. 

Testing with a hallde torch for shaft seal leaks can often be misleading because the 
normally small amount of oil that leaks through the seal will have traces of refrigerant In It 
which Is picked up by the torch. The best method for detecting shaft seal leaks Is the soap 
solution method. To employ this method, first, raise the low-side pressure, then apply the 
soap solution as you would when testing for refrigerant leaks. These seals should be capable 
of holding the highest vacuum possible (approximately 30 Inches of mercury) for many hours. 

In the event that a shaft seal Is found to be defective. It must be replaced. The 
tolerances and surface finish of these seals are very critical. 

To remove the seal, the compressor Is pumped down and the low-sldo pressure balanced. 
The drive belts are removed and then the flywheel. If the seal cover does not extend below 
the oil level In the compressor, you may remove the seal without draining the oil; If It does, 
the oil must be drained from the crankcase. The seal parts are taken out next. Be sure to 
mark the seal parts so that they are reinstalled correctly. Frequently, you will find the 
seal parts are attached to a flange that must be pried out very carefully. 

Do r» t pump down the compressor If you have a bad leak or suspect the seal Is broken 
because to qo so would allow air and moisture to be drawn Into the system. 

In this case, close the service valves, relieve the Internal pressure of the 
compressor, drain the oil, and leave the drain open. Now proceed as before. 

Insure that all parts are cleaned and the sealing surfaces lapped to each other. You 
may find some seals are molded synthetic rubber gaskets Instead rf metal *-to*-metal. When a new 
seal Is Installed, all parts are coated with clear oil and special care Is exercised In 
aligning and replacing the unit. If the seal Is to function efficiently, a critical spring 
tension must be maintained on the sealing surface. 

Note : Always consult the TM's and manufacturer's Instructions prior to making 
repairs to a compressor. 

Pistons, pins, bearings, crankshafts, cylinders, block, etc. In compressors will 
seldom become damaged or give you trouble unless they are abused. A refV^lgeratlng compressor 
Is seldom subject to a wide variation of loads and pressures, it Is used to pump clean, cool 
refrigerant gas at a constant head pressure. Therefore, the component parts of a 
refrigerating compressor will usually provide long and trouble free service. Any work that 
must be done on component parts (other than valves and shaft seals) is accomplished by methods 
very similar to those used in automotive engine repair. If you have to work on a compressor, 
remember to keep all parts perfectly clean and firee from moisture. Also, carefully mark all 
parts so that they can be properly reassembled. After repairs are complete, the compressor 
should be tested. Air must be purged from the compressor and oil replaced In the crankcase. 
Run the compressor for about an hour to make sure that the pistons and bearings are 
functioning firee. 

Now that we have covered open type compressors, let's take a look at hermetic 
compressor testing and replacement. 
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Although a hermetic compressor Is relatively trouble free, there will be occasions 
when testing and possible replacement will be necessary* Pistons will hang up or become 
frozen, valves will crack or break, and Internal motor circuits will develop shorts or opens. 
Because these Internal problems just mentioned will necessitate the replacement of the 
compressor. It Is very Imperative that you are sure that the problems are Internal and are not 
caused by external failures such as problems with the control circuits, switches, and external 
wiring* 



COMPRESSOR 
TERMINALS 




MOMENTARY 
SWITCH 



RUN 

CAPACITOR 



Fig 4-13. Test hookup to test compressor. 
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Fig 4-14* Constructing test cord« 



A rather simple test hookup that can be assembled In your shop and used to check a 
compressor motor (capacitor start/ induction* run or capacitor start/capacitor run) Is 
Illustrated In figure 4-13 and figure 4-14. It consists of a starting capacitor, a running 
capacitor and a simple switch* 

To employ this test hookup, first remove all wires from the compressor terminals. 
Connect the test hookup to the starting (S), running (R), and common (C) terminals as shown In 

Note: Be sure to tag each wire to Insure that they can be correctly reconnected to 
the terminals of the compressor* 

figure 4-13* Now plug the test cord circuit Into the power supply and Immediately close the 
switch for 1 to 2 seconds (holding the switch closed for a longer period of time may result In 
the starting winding belna burned out), then open the switch* Upon the switch being opened 
the compressor motor should continue to run If It Is not defective* If the compressor motor 
falls to run then the compressor unit must be replaced* 

If the motor runs but the compressor valves are broken or cracked, little or no 
cooling will occur In the evaporator and little or no heating of the condenser* Once the unit 
Is started, the voltage will drop to an abnormally low reading* The pump will need no balance 
time after It Is stopped* Also, little or no capillary feed noise will be heard* 

Symptoms of an overcharge of oil that are very noticeable are: excessive compressor 
noise and vibration , low capacity , and continuous high voltage * To remedy tnis 
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situation* the compressor should be replaced. If the proper procedures are followed some oil 
may be removed depending on the amount of overcharge. Follow the Instruction contained In the 
appropriate TM and/or manufacturer's publication. 

In the event that the hermetic compressor unit must be replaced, It should be replaced 
with a new or factory rebuilt one. 

When replacing hermetic units, It should be remembered that electric wiring, 
thermostatic switches, relays, and motor starter are not considered parts of the sealed unit 
and therefore must be removed from the old unit and remounted on the new one. Due to the 
sealed compressor operating at higher speeds than an open type, the valves, pistons, arJ valve 
orifices are much smaller than In an open type. Consequently, great care must be exercised 
when Installing a hermetic unit to Insure tnat any foreign matter Is kept from entering the 
unit when It Is open during Installation. The following procedure Is employed to remove and 
replace a hermetic compressor. 

• Using a pair of side-cutting pliers, cut the discharge line In half, allowing the 
unit charge to escape Into the atmosphere. To prevent the possibility of oil being blown 
around, place a cloth over the pliers as the cut Is made. 

Note : If the escaping refrigerant has a burned odor, a shorted stator Is 
Indicated and the condenser and evaporator should also be replaced. 

• While the refrigerant Is escaping, remove the compressor terminal cover and the 
relay bracket mounting screws. 

9 Remove the electrical leads from the compressor terminals (If not previously 
removed during diagnosis). Lift away this electrical assembly. Tag the electrical leads for 
reference when reconnecting them. 

• Remove the compressor holddown bolts. 

• Cut the suction line near the compressor with the side cutters. Again, place a 
cloth over the cut to catch any oil that may escape. 

9 Lift the old unit off the base. Pinch the discharge and suction tubes several 
times with pliers and then bend the tube ends over. This Is done to prevent any oil loss and 
keep? foreign matter out of the compressor If It Is to be rebuilt. 

• Check the tubing on the new compressor and on the unit to determine where It 
should be cut. Then, with a tubing cutter, cut all tube ends. Leave about two Inches of 
straight tubing so that fittings may be Installed. 

• Transfer the rubber grommets or vibration Isolators from the old compressor to the 
new one and lift the new compressor Into place In the unit's base. 

Note : Inspect the rubber grommets or vibration Isolators for defects. If they 
are found to be defective. In any way, replace them. 

9 Assentble the proper fittings on the tube ends. 

• Install a tee assembly In the suction line. Insure that the leg of the tee Is 
pointing In such a direction that a flare nut can be connected later for recharging. 

• Install a tee assembly in the discharge line. Insure that the cap seal and bonnet 
are tight. 

• Reassemble the electrical connections and the compressors mounting washers and 

nuts. 

• After Insuring that all connections are properly made and tight, check the unit 
for leaks. Repair any leaks that are found. 

• Lastly, recharge the system with the proper and correct amount of refrigerant. 

• Place the unit Into operation and observe for proper operation. 
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EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit, 

1. When testing for leaking valves, the maximum allowable discharge pressure drop is 

a, 2 psig per minute. 

b, 3 psig per minute, 

c, 4 psig per minute. 

d, 5 psig per minute, 

2. In testing the compressor valve, you turn the flywheel very slowly, in the 
process, you notice that the pressure rises slowly or it rises and falls. What 
should this indicate to you? 

a. The discharge valve is leaking. 

b. There are leaks past the piston or piston rings. 

c. The head gasket is leaking, 

d. All of the above 

3. To what extent do you disassemble the compressor to facilitate repairs? 



4. What precautions must be taken when reassembling the compressor that has been 
repaired? 



5, What are the two problems most often encountered with crankcase seals? 

a, 

b, 

6, What are two types of oil seals used most often in compressors today? 

a, 

b, 

7, If the seal is to function efficiently, what must be maintained on the seal 
surfaces? 



8. What is the best method of leak detection for leaking seals? 



Work Unit 4-3, CONDENSERS AND EVAPORATORS 

SPECIFY THE CLEANING REQUIREMENTS OF AIR-COOLED CONDENSERS. 

STATE PROCEDURES FOR CLEANING SCALE FROM MATER-COOLED CONDENSERS. 

STATE CLEANING REQUIREMENTS AND. ITEMS TO CHECK RELATING TO DRY TYPE EVAPORATORS. 

The devices that pass air over air-cooled condensers have an effect much like that of 
a vacuum cleaner. The fans and flues draw dust or dirt particles from the air and deposit 
them on the condenser, where they prevent the rapid transfer of heat from the surface to the 
condensing medium. When the gases within the condenser are permitted to reach too high a 
temperature, the oil that circulates throughout the entire system also becomes heated and may 
carbonize, A great part of this carbonized oil will adhere to the inside walls of the 
condenser, where it will retard rapid heat transfer from the hot gases to the condenser 
tubes. It the condenser has become very dirty on the outside surface, it will usually be 
nearly as dirty on the inside because of the carbonized oil clinging to the inner walls. 
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Therefore, to return a dirty condenser to Its original efficiency, the Inside surface 
as well as the outside surface of the condenser must be cleaned. Ordinary brushes and mild 
soap solutions will remove the usual dust and dirt deposited on air-cooled condensers. 
However, In some places, such as bakery shops, small particles of sugar, flour, and grease may 
have been deposited on the condenser. These materials cannot be removed with brushes and 
ordinary cleaning fluids, Fhey usually require alkalign or acid solutions to remove them from 
the metal surface of the condenser. A good ^ilkallgn solution may be made by mixing 1/2 lb of 
trisodlum phosphate In 1 gallon of water. After using any of these solutions, rinse the 
condenser thoroughly with clear, warm water. 

The removal of carbon from the Internal surface of the condenser presents another 
problem. There Is more danger In using a solution that only loosens or partially removes this 
carbon deposit than In using a solution that does lOt remove any of It. The most satisfactory 
method to clean the Inside of the condensers Is with superheated steam . The superheated steam 
will remove all the loosened material from the Inside or the condensers, and It will prevent 
formation of any oxide or other material on the Interior walls. 

The only precaution necessary In the use of superheated steam Is to be sure that the 
temperature of the steam Is not above the melting point of any of the materials from which the 
condenser Is constructed. This applies particularly to the solder used to connect the 
discharge line, the receiver line, and the return line. 

Water-cooled condensers accumulate scale on their Internal surfaces. This scale must 
be removed. Scale can be removed either mechanically or chemically . Where possible, 
mechanical removal .Is preferred over chemlcai removal since chemicals often attack the metal 
and weaken It. This Is particularly apt to happen when chemicals are mixed without very 
careful measurements. 

The scale In condenser tubes may be either thick or thin, and It may be either easy or 
difficult to remove. Scale Is usually removed by the use of steel brushes attached to the end 
of rods. Similar to the bore brush and cleaning rod used to clean your rifle bore. Except 
the ones required to clean condenser tubes are larger and longer. After the condenser has 
been drained, the water connections and pass heads are removed. Be careful not to use 
suitable cement to hold them In place during assembly. The shell side of the gasket should be 
coated with an oil-graphite mixture to prevent damage at the next disassembly. 

Heavy scale requires that a small brush be used first. Brush size Is then Increased 
progressively In diameter until the final cleaning Is made with the same size as the condenser 
tubes. No attempt should be made to drive a rod through a tube since a large solid piece of 
scale on one side of the tube would possibly defect the rod causing It to puncture the other 
side of the condenser tube. 

Tubes may also be cleaned with a tube cleaner that Is either turned by hand or with a 
large portable electric drill. Tube cleaners have water connections, so a flow of water can 
be used to flush out the particles loosened during cleaning. Another device that can be used 
Is a flue cleaner. Flue cleaners are made from two to four pieces of spring steel twisted In 
a spiral shape and are normally used to clean fire tubes on boilers. However, a flue cleaner 
of the proper size Is convenient to remove scale and other deposits that form In water-cooled 
condenser tubes. They should be rotated, preferably with a large portable drill, while being 
pushed through the condenser tubes. Water should be flushed through the tubes at the same 
time to wash away particles loosened by the flue cleaner. After the cleaning, tubes should be 
oiled by drawing an oil-soaked cloth through them to irevent oxidation. However, this oil 
film Is soon washed off after water starts to circulate within the tubes. 

Chemical cleaning Is done with acid. The preferred acids are hydrochloric and 
sulfanlc . The acids should have an Inhibitor added before cleaning begins to prevent the acid 
from attacking the metal being cleaned. The acid solution may be passed through the condenser 
by either of two methods: gravity or forced through by a pump . Be sure to use all necessary 
personal protective equipment and follow prescribed safety precautions when handling acids and 
other chemicals during cleaning. 

There are two methods used to clean dry-type evaporators when they become dirty, one 
Is with a stiff fiber brush and by the use of compressed air . When using compressed air It Is 
best to direct the compressed air through the evaporation in the opposite direction to the 
normal flow of the refrigerant. When the evaporator tubes are cleaned. Insure that you also 
clean the evaporator drain pan and flush the drain pan line. 
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In order for an evaporator of this type to properly remove heat, you must periodically 
check the evaporator for adequate pressure and Ice accumulation, and you must Insure that 
there Is proper airflow over the colls. 

Ideally, evaporator pressure should be measured at the Inlet, just after the metering 
device, as well as the outlet. Host systems do not have fittings at these locations to take 
pressure readings. However, you can check the pressure by reading the low-side pressure gauge 
when the compressor Is running and then reading It again Just as the compressor stops. The 
sharp rise In the pressure Is the pressure drop. A pressure drop of 2 to 3 psi Is tolerable. 

Frost on the evaporator acts as an Insulation, thus reducing the ability to absorb 
heat. If frost or Ice Is found near the TEV, It usually Indicates too great a superheat 
setting along with low suction pressure. Spotty frost on the evaporator colls usually means 
uneven airflow over the evaporator or that some defrost elements are not functioning If the 
unit Is so equipped. 

Insufficient air passing over the evaporator reduces suction pressure and tends to Ice 
up the evaporator. The cause can usually be traced to dirty evaporator colls, a dirty filter, 
or the placing of boxes and foodstuff In such a manner as to restrict the flow of air. 

The evaporator Itself very seldom causes any trouble. Problems with the evaporator 
can usually be corrected by adjusting, repairing, or replacing system components and controls 
that directly affect the refrigerant's action In the evaporator or those that keep Its 
evaporator free from excessive frost buildup. Those components and controls are the metering 
device, defrost controls, and fans or blowers (If It Is a forced correction type evaporator). 
Problems with the evaporator Itself are usually caused by leaks due to corrosion or a puncture 
due to abuse. If an evaporator becomes corroded. It Is best to replace It. If a leak 
develops through abuse. It can be soldered In all cases except when the e/aporator Is made of 
aluminum. If an evaporator Is made of aluminum It can be repaired by using epoxy cement 
(follow directions for Individual brand used). If problems with evaporators do not result 
from leaks or corrosion and do not result from Inoperative system components and controls, 
then It Is stopped up from oil carbonization. At this point, a decision must be made to 
attempt to clean It or to simply replace It. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. Why do air-cooled condensers require cleaning? 



2. What should you use to clean a condenser? 



3. What precautions should you use In steam cleaning the Inside of air-cooled 
condensers? 



4. In what two ways can scale In water-cooled condensers tubes be removed? 
a. 

b. 

5. State the procedures for mechanically cleaning water cooled-condenser tubes? 
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6* What two devices besides brushes can be used for cleaning condenser tubes? 

a. 

b. 

7. What are the preferred acids for chen,1cal removal of seals? 

a. 

b. 

8. State the purpose of adding an Inhibitor to acids before using them to remove 
seals. 



9. What are two methods of passing acid solutions through the tubes of a water-cooled 
condenser? 

a. 

b. 

10* State how to direct compressed air to clean dry-type evaporators. 



11. State how to check the pressure drop In the low side of the system using. a single 
gauge. 



12. You find an evaporator with spotty frost accumulation. What Is the cause of this 
condition? 



13. How does a dirty evaporator coll affect the system's low-side pressure? 



Work Unit 4-4. AUTOMATIC CONTROLS 

STATE GENERAL ADJUSTMENTS THAT ARE HADE TO AUTOMATIC CONTROLS. 

Exact procedures In adjusting the various automatic controls used In different systems 
will vary with each switch design. All that can be accomplished in this work unit Is to give 
you some general rules to follow for adjusting and servicing typical controls. First and 
foremost, always consult the TM's for the particular system before attempting to service or 
adjust any controls. 

Cycling or motor control switches start the compressor when temperature and low-side 
pressure rise to a predetermined level and stop the compressor when temperatire and pressure 
fall to another level that Is determined by a range setting. It Is a general rule that 
operating pressures or temperatures are lowered by decreasing the spring tension of a control 
unit and raised by Increasing the spring tension. Some cycling control devices are provided 
with a differential adjustment that Is used to set the difference between the cut-in and 
cut-out points. 
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CXCRCISCi Answtr tht follwlng qutstlons «nd chtck your rtsponsts against thost llsttd at 
tht and of this stuoy unit. 

1. Mhan sattlng a prtssurt typt control, how do you Initially stt tht ranga and tht 
dIfftrtntlalT 



2. You can dtttmlnt whtthtr a ttmptraturt control's bulb and btllows havt lost thtir 
chargt by watching to stt If tht switch ntchinlsis actlvatts whtn you 



SUMMRY REVIEW 

In this study unit, you havt Itarntd to rtpair coinpontnts of tht rtfrlgtratlon 
systtn. This study unit alont will not makt you an txptrt rtfrlgtratlon ttchnlclan, howtvtr, 
If you apply tht proctdurts and guldtllnts outllntd In this study unit and tht rtst of this 
courst, along with on-tht-Job training, you will btcont mort proflcltnt. 



Answtrs to Study Unit 14 Extrclsts 
Work Unit 4-1. 

K a. Ovtrload 

b. Loss of powtr 

c. Drivtn nachlnt blocktd 

d. Worn btarlnos 
t. Bad connMtlon 

2. An amtttr 

3. By using a soldtring gun to rtstort tht circuit 

4. By dIsconnKtIng tht motor from tht Itad and rotating tht rotor shaft of tht motor 
by hand 

5. By adding fibtr spact washtrs 

6. At any point bttwttn tht powtr sourct and tht rotor 

I. In ordtr to dtttrmint whtthtr a ground txists In tht motor or on tht conduit 

8. Continuity across any two conductors 

9. Tht motor will slow down undtr load; It will havt low starting torqut and signs of 
ovtrhtatlng. 

10. a 

II. a 

12. c 

13. c 

14. t 

15. a 

16. d 

17. b 

18. d 

19. a 

20. t 

21. t 



Work Unit 4-2. 

1. b 

2. d 

3. Rtnovt only thost compontnts ntctssary to faclllatt rtpalrs. 

4. Bt cartful not to mar or scratch tht gasktt staling surfacts. 

5. a. Squtaky nolst caustd by a dry stal 

b. Ltaky stal caustd by a scortd stal surfact 

6. a. Btllows stal 
b. Rotary stals 

7. Critical spring ttnslon 

8. Soap solution 
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Work Unit 4-3. 



K Because the dust and dirt particles deposit on the condenser and prevent the rapid 
transfer of heat 

2» Use soap solutions and brushes on the outside and superheat steam on the Inside* 
3» Do not allow the temperature of the steam to rise above the melting poln": of any 

of the material that the condenser Is constructed oft 
4* a» Mechanically 

b» Chemically 

5. After the condenser Is drained, the water connections pass heads are removed 
carefully so as not to damage the jackets* Heavy scale requires the use of a 
small steel brush attached to the end of the cleaning rod. Brush size Is 
Increased In size as scale Is removed until the brush matches Inside size of the 
tube. After cleaning, tubes should be flushed and oiled by drawing an oil soaked 
cloth through them. Install pass heads but coat shell side of gasket with an 
oil-graphite mixture to prevent damage at next disassembly. 

6. a. Tube cleaners 
b. Flue cleaners 

7. a. Hydrochloric 
b. Sulfanic 

8. To prevent the acid from attacking the metal 

9. a. Gravity 

b. Forced circulation 

10. Direct the compressed air opposite to the normal airflow. 

11. Check the pressure by reading the low-side pressure gauge when the compressor Is 
running, and then read It again Just as the compressor stops. The sharp rise In 
pressure Is the pressure drop. 

12. Uneven airflow or some defrost elements are not working. 

13. Reduces suction pressure and tends to Ice up the evaporator. 



Work Unit 4-4. 

1. Lowest pressure and largest difference 

2. warm the bulb by hand 
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REFRIGERATION SERVICING 
REVIEW LESSON 

Instructions: This review lesson Is designed to aid you In preparing for your final exam. 
You should try to complete this lesson without the aid of reference materials, but If you do 
not know an answer, look It up and remember what It Is. The enclosed answer sheet must be 
filled out according to the Instructions on Its reverse side and mailed to MCI using the 
?u)(t '^^^ questions you miss will be listed with references on a feedback sheet 

(MCI-R69) which will be mailed to your commanding officer with your final exam. You should 
study the reference material for the questions you missed before taking the final exam. 

A. Multiple Choice: Select the ONE answer that BEST completes the statement or answers the 
question. After the corresponding number on the answer sheet, blacken the appropriate 
c 1 rc le . 

Value: 1 point each 

1. Identify what you must consult prior to the Installation of refrigeration equipment? 

a. Unit SOP c. A technical publication 

b. MCO 4700-15/lE d. TM 4700-15/IE 

2. What are four common steps for the proper Installation of refrigeration equipment? 

a. Leveling, correct electrical power, good ventilation, and good drainage 

b. Leveling, correct electrical power, good equipment, and good drainage 

c. Leveling, correct location, good ventilation, and new equipment 

d. Leveling, correct location, proper equipment, and good drainage 

3. What are the four services performed by the operator on refrigeration equipment? 

a. Before operation, during operation, after operation, and yearly operation 

b. Weekly, yearly, bi-monthly, and quarterly 

c. Before, during, after operation and quarterly PM 

d. Bi-weekly, monthly, quarterly, and yearly 

4. Identify four common critical Inspection points of refrigeration equipment. 

a. Condenser fins, evaporator, electrical contacts and connection, and metering 
devices 

b. Condenser fins, evaporator, electrical contacts and connections, and filters 

c. Condenser fins, metering devices, evaporators, and filters 

d Metering devices, evaporators, electrical contacts and filters 

5. Wet Insulation in the walls of a refrigeration cabinet can be detected by 

a. feeling the outside of the cabinet for cold spots. 

b. removing the interior panels to expose the Installation. 

c. noting the buildup of frost Inside the cabinet. 

d. checking the outside of the wood cabinet for condensation. 

6. After the water system of an Ice-making machine has been chemically cleaned, the 
cleaner should be drained and the machine flushed with 

a. fresh water only. c. a citric acid solution. 

b. a sodium bicarbonate solution. d. a saltwater solution. 

7. The clearance between the cutter blades and drum on a rotating drum ice-flaking 
machine should be set 

a. cold to prevent damage when the machine is off. 

b. cold to insure proper removal of ice flakes. 

c. warm because clearance Increases during operation. 

d. either warm or cold since the clearance does not change. 

8. The two operating pressures that you should observe in diagnosing refrigeration 
troubles are 

a. suction and head pressure. c. liquid and gas pressure. 

b. suction and liquid pressure. d. head and gas pressure. 
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9. A low charge of refrigerant, an obstructed liquid line, a motor control out of 

adjustment, or not enough air passing over the evaporator will cause 

In a system. 

a. high head pressure c. low head pressure 

b. high suction pressure d. low suction pressure 

10. An Inefficient compressor, a cooling medium too cold, a low charge, or too much 
cooling medium will cause In the refrigeration system, 

a. high head pressure c. high suction pressure 

b. low head pressure d. low suction pressure 

11. While trouble-shooting a system with an air-cooled condenser, you determine that the 
head pressure Is high and a definite temperature drop can be felt at the liquid level 
on the condenser return bends during operation. What Is the cause and remedy? 

a. There are noncondensables In the system; purge the system* 

b« There Is restricted air flow; clean the colls. 

c. There are dirty filters; clean the filters. 

d. There Is refrigerant overcharge; bleed off the excess refrigerant. 

12. Noise, failure to pump properly, and overheating are three of the four problems that 
you may encounter In either open or hermetic compressors. What Is the fourth problem? 

a. Floodback c. Mechanical seizure 

b. Oil traps d. Burnout 

13. A compressor that Is low on oil or out of oil Indicates a lubrication failure which 
could be caused by which of the following? 

a. Frosting or Icing of the coll 

b. A plugged drier 

c. Refrigerant floodback to the compressor during operation due to a bad expansion 
valve or poor bulb location 

d. Rattling of the compressor on startup 

14. The three problems most commonly blamed on expansion valves are 

a. overheating. Improper superheat, and low oil charge. 

b. overfeeding, underfeeding, and Improper superheat. 

c. overfeeding, underfeeding, and erratic operation. 

d. low suction pressure, low oil charge, and excessive refrigerant charge. 

15. Bubbles In the sight glass Indicate either a(n) In the system or 

a(n) due to restriction liquid lift, or an undersized liquid line. 

a. shortage of refrigerant; pressure drop 

b. pressure Increase; plugged drier 

c. dirty condenser; valve set too low 

d. very light load; shortage of refrigerant 

16. Identify the most common cause of leaks In the refrigeration system. 

a. Faulty equipment c. Poor workmanship 

b. Faulty tools d. Inexperienced personnel 

17. Identify the method of leak detection which not only Indicates a leak but gives Its 
exact location. 

a. Special method c. Nonposltlve «ethod 

b. Positive method d. Combination special and nonposltlve method 

18. Identify the special method of leak detection. 

a. Soap solution c. Electronic leak detector 

b. Hallde torch d. Oil solution 
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19. If a heater element will not come up to Its proper temperature the most probable cause 
Is 

a. an open circuit. c. a cross short. 

b. a short to ground. d. Insufficient power. 

20. You suspect that a short to ground has occurred. The Instrument that you will select 
to locate this trouble Is the 

a. voltmeter. c. ohnmeter. 

b. clamp-on-ammeter. d. wheatstone bridge. 

21. The type of trouble that can be located with either the voltmeter or ohmneter Is 

a. Insufficient power. c. an open circuit. 

b. a cross short. d. a short to ground. 

22. Which common electrical problem found In refrigeration systems, at times, may be 
extremely difficult to locate? 

a. Improperly made connections c. Loose connections 

b. Defective timers d. Bad relays 

23. If you were to come upon a unit that was not operating and you suspected an electrical 
problem, what Is the first thing you should check? 

a. Check to see ir the unit Is connected and turned on. 

b. Check the suction and head pressure. 

c. Check the motor for a burned starting winding. 

d. Check the sight glass for bubbles. 

24. The first step In locating an open circuit Is to 

a. select the meter to use. c. perform an operational check. 

b. perform a visual Inspection. d. Isolate the circuit. 

25. When trouble-shooting a shorted circuit. It Is necessary to shut-off circuit power and 

a. Isolate the circuit. c. use a ammeter. 

b. use a voltmeter. d. close the control device. 

26. A solid short circuit will normally be the 

a. hardest short to find. c. control device. 

b. most destructive type of short. d. unit of resistance. 

27. A short that comes and goes Is called a 

a. short to ground. c. partial short. 

b. cross short. d. floating short. 

28. A transformer-rectifier that has been used to supply 24 volts d.c. to a system Is 
Inoperative. The Input voltage Is 120 volts a.c. and the output voltage Is zero. 
What type of trouble Is Indicated? 

a. Improper power c. Cross short 

b. Short to ground d. Open circuit 

29. Prior to removing a malfuctlonlng relay for replacement, you should 

a. make a wiring sketch. c. connect the new relay. 

b. turn the power on. d. disconnect all motors. 

30. When making minor repairs to electrical circuits or units, terminal loops should 

a. be Installed so that they will close as the terminal Is tightened. 

b. be Installed black to silver, white to gold. 

c. not be used. 

d« be at least 3 Inches long. 



3K Fuse clips for ferrule fuses must 

a. be Installed vertically. c. not exceed 120 volts, 10 amps. 

b. be tight and clean. d. be hermetically sealed. 

32. If a motor falls to start» the most likely trouble Is a(n) 

a. open circuit. c. short to ground. 

b. defective switch. d. cross short. 

33. A motor connected to a load will not come up to speed. With the load disconnected, 
the motor operates normally. The trouble most likely Is 

a. an open circuit. c. a short to ground. 

b. the load. d. a cross short. 

34. Referring to question #32. What meter would you use to check the problem? 

a. An ohmmeter c. A voltmeter 

b. An ammeter d. A wheatstone bridge 

35. What are the gases called that remain In a gaseous state after the refrigerant 
liquefies? 

a. Halogen gases c. Condensable gases 

b. Ammonia gases d. Noncondensable gases 

36. In testing a system for noncondensable gases, what Is the maximum allowable pressure 
difference between the pressure within the condenser and the pressure corresponding to 
the temperature of the refrigerant being used? 

a. 5 psig c. 10 psig 

b. 6 psig d. 15 psig 

37. The purging of a system should continue until the drops to the 
proper point corresponding to the temperature of the refrigerant. 

a. suction pressure c. head pressure 

b. temperature d. air pressure 

38. The two main categories of service valves are 

a. two- and three-way types. c« one- and two-way types. 

b. one- and three-way types. d. front and back seat types. 

39. Which port In the three-port two-way valve Is always open? 

a. Gauge port c. Compressor port 

b. Line port d. Charging port 

40. If you have a leaky valve that Is caused by a faulty seat what should be done? 

a. Repair the seat. c. Replace the valve. 

b. Replace the seat. d. Tighten the valve so It will not leak. 

41. To Insure a tight » dry system before charging what should be accomplished after the 
system has been opened? 

a. Evacuation c. Pressurizing the system 

b. Purging d. Charging the unit 

42. Of the two methods of evacuation, which Is the preferred method? 

a. Purging c. Deep vacuum 

b. Triple d. Single-stage 

43. Which of the two methods of evacuation will not remove all of the moisture? 

a. Single-stage c. Deep vacuum 

b. Two-stage d. Triple 



44. The procedure used to save the refrigerant In the system and prevent air from enteri 
Is called 



a. evacuation. c. charging. 

b. pump down. d. purging. 

45. Once the bar gauge manifold is installed, what is the next step in the procedure to 
pump a unit down? 

a. Frontseat the suction and discharge service valves. 

b. Set the low pressure control at 3 psig. 

c. Start the compressor. 

d. Close the King valve. 

46. What is the purpose of loosening the flare nut on the suction service valve with the 
valve frontseated? 

e. To allow air to escape 

b. To prevent excessive pressure buildup 

c. To prevent excessive foaming of the oil 

d. To allow excess oil to be purged 

47. The most common method of determining the charge in small systems is by 

a. a frost line. c. a charging cylinder. 

b. pressure determination. d. weighting the charge. 

48. In which method of charging is the refrigerant added in liquid form? 

a. Low-side charging c. Siphon method 

b. Plug method d. High-side charging 

49. Identify the procedure that is used in high-side charging. 

a. Keep the refrlgernt drum in an up right position. 

b. Invert the refrigerant drum or service cylinder and support It securely. 

c. Insure that only gas Is allowed to enter the system. 

d. Allow a few seconds for the compressor to draw the remaining refrigerant from the 
hne. 

50. In which method of determining the proper oil charge should the system be allowed to 
operate for a period of time before the final determination Is made? 

a. Measured c. Dip stick 

b. Weighted d. Sight glass 

5K Which method of determining the oil charge is used primarily with a small vertical 
shafted hermetic compressor 

a. Measured c. Dip stick 

b. Weighted d. Sight glass 

52. Oil Is normally Introduced Into a refrigeration system by either the 

a. oil plug method or high-side charging. 

b. low-side vacuum method or high-side charging. 

c. oil plug method or low-side vacuum. 

d. oil plug method or pour-in method. 

53. In adding oil by the vacuum method, the unit Is operated until the compound aauae 
registers a inch vacuum. ^ ^ ^ 

2 c. 15 

b. 10 d. 20 

54. In the oil plug method of adding oil, the compressor Is started and you slowly 

frontseat the suction service valve until a pressure of approximately psig is 

reached. 

a. 2 c. 6 

b. 4 d. 8 
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55. After attaching a compound gauge to the low-side of the system, you start the 
compressor and gradually frontseat the suction service valve until the pressure In 
the crankcase drops to psi before removing the oil plug, 

a. 1 c. 3 

b. 2 d. 4 

56. Which of the following Is NOT a precaution to be taken In charging and removing 
refrigerant oil? 

a. Pressure must be controlled when the crankcase Is opened to the atmosphere. 

b. Do not add more than 1 pint of oil at a time. 

c. System overcharging should be avoided. 

d. Use only clean, dry oil. 

57. If a normally operating motor suddenly stops, you should 

a. disconnect the motor from the load. 

b. let It cool and try to reset the overload. 

c. disconnect the motor leads. 

d. open the circuit protective device. 

58. What occurs In a shorted circuit? 

a. The voltage will read higher than normal. 

b. The current will read lower than normal. 

c. The resistance will read higher than normal. 

d. The resistance will read lower than normal. 

59. The most probable cause of excessive noise when a motor operates Is 

a. Insecure mountings. c. poor conductors. 

b. Improper ventilation. d. a deficient voltage supply. 

60. The maximum allowable discharge pressure drop when testing for leaking compressor 
valves Is 

a. 2 psig per minute. c. 4 psig per minute. 

b. 3 psig per minute. d. 5 psig per minute. 

61. What should be Indicated by the compressor pressure rising slowly or It rising and 
falling as you turn the flywheel very slowly by hand? 

a. That there are leaks past the piston or piston rings 

b. That the discharge valve Is leaking 

c. That the head gasket Is leaking 

d. All of the above 

62. To facilitate repairs to a compressor you should 

a. remove all components. 

b. remove only those components necessary to facilitate repairs. 

c. replace the complete unit. 

d. call a compressor mechanic. 

63. Identify the precautions that you must take when Installing or removing gaskets. 

a. Use the old gasket and oil It good. 

b. Insure they are dry and scarred. 

c. Insure the gasket Is Installed right side up. 

d. Be careful not to mar or scratch the gasket sealing surfaces. 

64. Squeaky noise caused by a dry crankshaft seal Is one of two problems most often 
encountered with crankshaft seals. Identify the second problem. 

a. An Improper seal 

b. A seal Installed backwards 

c. A leaky seal caused by a scored seal surface 

d. Using improper oil 
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